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ABSTRACT
Hemp (Cannabis sativa L.) cultivation research did not exist in Louisiana prior to 2020
(LSU AgCenter Therapeutic Cannabis Committee, 2020). Therefore, nine cultivars of essential
oil-type hemp were evaluated in 2020 and 2021 to determine optimum planting dates, in-row
plant spacings and THC compliancy for organic field production in south Louisiana. Until
suitable genetics for Louisiana’s environment can be identified, an in-row spacing of three feet is
recommended for field-grown hemp. Cultivars Berry Blossom, Queen Dream and Stormy
Daniels produced sufficient biomass for commercial production. While Berry Blossom, Queen
Dream, Oregon White and Putin’s Problem were high-yielding, Oregon White was the only
cultivar to remain compliant and not exceed 0.3% THC when field grown. There were no
differences in THC content between the top, middle and bottom portions of field grown plants.
The second objective assessed the growth, yield and cannabinoid development of 28 cultivars of
essential oil-type hemp plants in greenhouse conditions. Cannabinoids 9-THC and CBD and
their molecular precursors THCa and CBDa displayed similar developmental patterns throughout
the flowering period. The concentration of CBDa follows a positive trend and gradually
increases each week during the flowering period in 14 of the 16 cultivars analyzed for
cannabinoid development. This information can incentivize producers to sample their product
throughout the flowering period solely to ensure THC concentrations remain compliant. Fruity
Petals was the only cultivar in which the top portion of the plants’ flower buds had higher
concentrations of CBDa as compared to the middle and bottom portions of the plant. Umpqua,
Lifter Seedless, Sour Lifter and White CBG Seedless were the highest-yielding of all 28 cultivars
grown in the greenhouse, however Lifter Seedless and Sour Lifter exceeded 0.3% THC and
should be harvested earlier in the flowering period.
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CHAPTER 1. LITERATURE REVIEW
1.1. Hemp History
After centuries of industrial hemp (Cannabis sativa L.) cultivation, the renewal of interest in
this crop has launched new scientific research goals in the areas of fiber, seed, oil and medicine
(University of Florida, 2019). Hemp is defined as having low levels of the psychoactive
component delta-9-tetrahydrocannabinol (THC) and high levels of other cannabinoids, nonpsychoactive compounds that are commonly used for therapeutic purposes. Archaeologists and
historians discovered evidence of hemp use by ancient civilizations dating back to 8000 BCE
(University of Florida, 2019). The first traces of hemp were found in ancient China and
Mesopotamia, where ancient China was often referred to as “the land of mulberry and hemp”
(Clarke and Mark, 2016). Throughout history, hemp continued to be introduced across
civilizations. Evidence of hemp materials have been found in Asia, Europe, Africa and later in
South America (Hemp Industries Association, 1994). Several religious documents, including
Hinduism, Judaism and ancient Persian religions, mention hemp and its use in ceremonies and
rituals (Clarke and Mark, 2016). Throughout generations, hemp was a vital component in
everyday life, and it was used in daily necessities such as clothes, shoes, rope and paper.
Hemp was introduced to North America in the early 1600s after the Spanish brought it to
the western hemisphere. By the 1700s, American farmers were legally required to grow hemp as
a staple crop from the colonial era to the early republic, as it was critically important for the
survival of the newly established colonies (Hemp Industries Association, 1994). Hemp
production in the United States peaked in the mid-1800s with a temporary increase during World
War II. Hemp production flourished in Illinois, Iowa, Indiana, Missouri, Wisconsin and
Kentucky from the United States (U.S.) Navy’s strong demand for sail cloth and cordage (U.S.
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Department of Agriculture, 2000). The cultivation of hemp remained common worldwide until
the 1820s when alternative fiber crops and synthetic fibers were introduced to the market, and
shortly thereafter the decline in both the demand and production of hemp occurred (University of
Florida, 2019). In 1937, the U.S. congress passed the Marijuana Tax Act which imposed strict
taxation and regulation on the importation, cultivation, possession and distribution of marijuana
(U.S. Customs and Border Protection, 2019). The tax and licensing regulations of this act made
hemp cultivation difficult for American farmers, which ultimately led to the era of hemp
prohibition. The Controlled Substance Act of 1970 categorized hemp as a controlled substance
under Federal Law, and subsequently all hemp production was regulated by the United States
Drug Enforcement Administration.
Despite the decline and eventual termination of hemp production, the multi-faceted uses
of hemp as an agricultural commodity were not forgotten. Public opinion favored the use of
Cannabis sativa and its medicinal value, initiating certain states to pass legislation permitting the
cultivation and sale of medicinal marijuana in the late 1990s (University of Florida, 2019).
Marijuana is a form of cannabis that contains high concentrations of THC, the cannabinoid
responsible for the psychoactive effects in marijuana users. As a result, proponents of hemp
began to advocate for the production of the C. sativa as hemp, a promising and profitable
agricultural commodity that has medicinal value without the psychoactive effects of marijuana
(Anderson et al., 2019).
The hemp industry in the United States shifted with the passage of the United States
Department of Agriculture’s Agricultural Act of 2014 Farm Bill. The 2014 Farm Bill approved
the cultivation of industrial hemp for research by state agriculture departments and universities,
so long as the state law permitted it (Agricultural Act of 2014). Prior to the 2014 Farm Bill, there
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was limited documentation on how to cultivate hemp in the United States. The 2014 Farm Bill
gave an opportunity for research entities to cultivate hemp and learn regional-specific best
management practices before commercial hemp production was legalized. Additionally, the 2014
Farm Bill established a definition of industrial hemp, setting the THC threshold at 0.3 percent on
a dry weight basis (Agricultural Act of 2014). At the time, all forms of cannabis were considered
Schedule I controlled substances by the Drug Enforcement Administration (DEA). Although the
2014 Farm Bill allowed hemp to be grown under certain circumstances, many aspects of hemp
production were still under the oversight of the DEA, including the importation of seeds for
cultivation (Agricultural Act of 2014).
The Agriculture Improvement Act of 2018 further directed the USDA to establish a
national regulatory framework for hemp production in the United States (Agriculture
Improvement Act of 2018). This authorized the production of hemp as an agricultural
commodity for seed, fiber, grain and essential oils. Additionally, the act removed industrial hemp
from the DEA’s list of controlled substances (Agriculture Improvement Act of 2018). The
Agriculture Improvement Act of 2018 defines hemp as “the plant Cannabis sativa L. and any
part of that plant, including the seeds thereof and all derivatives, extracts, cannabinoids, isomers,
acids, salts, and salts of isomers, whether growing or not, with a delta-9 tetrahydrocannabinol
concentration of not more than 0.3 percent on a dry weight basis” (Agriculture Improvement Act
of 2018). The 2018 Farm Bill also listed hemp as a covered commodity under crop insurance and
directed the Federal Crop Insurance Corporation board to streamline the process for developing
hemp policies (Agriculture Improvement Act of 2018). Despite the excitement that developed as
a result of this bill, producers cannot cultivate this crop as freely as other agricultural
commodities. The 2018 Farm Bill mandates that producers obtain a license for hemp production,
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and must not produce a crop that exceeds 0.3% THC content. Failure to meet these protocols are
considered violations of the law and require the entire crop to be destroyed (Agriculture
Improvement Act of 2018).
In 2019, the Industrial Hemp Law was signed by Louisiana Governor John Bel Edwards,
which recognized industrial hemp as an agricultural commodity. The Louisiana Department of
Agriculture and Forestry (LDAF) was listed as the licensing agency to regulate hemp in
Louisiana. In February of 2020, LDAF initiated the hemp licensing application process, marking
2020 as Louisiana’s first year of hemp cultivation. Although the 2014 Farm Bill allowed hemp
cultivation by research entities, the state of Louisiana did not permit any cultivation of hemp
until 2020. The research and planting delay in Louisiana resulted in commercial hemp producers
and research entities learning production practices simultaneously. As a result, the LSU
AgCenter formed a hemp committee in the spring of 2020 to address the needs of commercial
growers of industrial hemp. Although the LSU AgCenter faculty were able to find researchbased hemp information, it was imperative that local trials be initiated to determine how
Louisiana soils, pests and environmental conditions might affect commercial-scale hemp
production.
1.2. Botany and Physiology
1.2.1. Cannabinoids
Hemp (Cannabis sativa) is a member of the Cannabaceae family, which consists of only
one genus, Cannabis. Hemp is a dioecious species comprised of both male and female plants
(Bouloc et al. 2013). The stem is straight and narrow with leaves that are alternate or opposite on
the stem and compound palmate in structure. The flowering structure is a panicle and initiated by
age or photoperiod (Turner, 1980). Flowering cannabis plants have the ability to accumulate high
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amounts of unique cannabinoids which are found in limited amounts in nature (Schayot, 2021).
Cannabinoids are a family of molecules that characterize C. sativa, and many possess
pharmacological properties that can exert psychotropic effects on both humans and animals
(Bouloc et al., 2013). Cannabinoids are terpenophenolic compounds that accumulate in glandular
trichome structures located on the flowers and leaves in close proximity to the flowers (Green,
2017). There are nearly 60 known cannabinoids, yet the most familiar family members are the
cannabidiols (CBD), cannabigerols (CBG), tetrahydrocannabinols (THC), cannabinols (CBN)
and cannabicycols (CBL) (Bouloc et al., 2013). The two chemical compounds with the most
well-known pharmacological and/or psychotropic properties are CBD and THC (Bouloc et al.,
2013). CBD is an important cannabinoid that commonly extracted from hemp. A number of
clinical publications emphasize the interest in using CBD to treat epilepsy, multiple sclerosis and
seizers (Bouloc et al., 2013), while also being used as an analgesic, anti-depressant and appetite
enhancer (Shahbazi et al., 2020).
Cannabinoids are the major active ingredients found in cannabis, making it important to
classify cannabis from a chemotaxonomic perspective for both medical and legal purposes.
Cannabis can be broken down into three chemical types (chemotypes) based on the ratio of
cannabidiol (CBD) to tetrahydrocannabinol (THC) (Fischedick, 2017). Type I contains high
amounts of THC (>0.3%) and low amounts of CBD (<0.5%). Type II contains high amounts of
THC (>0.3%) and high amounts of CBD (>0.5%). Type III contains high amounts of CBD
(>0.5%) and low amounts of THC (<0.3%). In recent decades, Type I cultivars have increased
the concentration of THC to 15-20%, as well as many other cultivars classified as Types II and
III. Clinical research has shown that the combination of THC and CBD in varying concentrations
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can alter the effects on the user, indicating the importance of knowing active compound ratios
when using cannabis for medical purposes (Fischedick, 2017).
In the plant, THC and CBD are mostly found in the forms of delta-9
tetrahydrocannabinolic acid (THCa) and cannabidiolic acid (CBDa), respectively. THCa and
CBDa are the molecular precursors to THC and CBD, and are converted after exposure to heat or
light (Figure 1). The molecular precursor to both THCa and CBDa is cannabigerolic acid
(CBGA), whose decarboxylated form is cannabigerol (CBG) (Turner et al., 1980).

Figure 1. Cannabinoid biosynthesis pathway leading to two major cannabinoids, THC and CBD
(Grassi and McPartland, 2017).
THCa, CBDa, CBD and CBG are cannabinoids devoid of any psychoactive constituents
(Bouloc et al., 2013). THC is responsible for the psychoactive properties of the plant, and whose
concentration therefore needs to be known.
5

Industrial hemp and marijuana are genetically different cultivars of the same plant species
and are distinguished from one another based on their intended use and THC levels (Schayot,
2021). THC is the main chemical that produces a psychoactive effect in marijuana users and is
responsible for the popularity of the plant among people seeking to exploit it as a recreational
drug. While marijuana cultivars typically contain more than 3% to 15% THC by weight, hemp
cultivars are bred to contain very low concentrations (less than or equal to 0.3%). To determine if
a crop exceeds 0.3% THC, regulatory agencies combine the concentration of THCa and  9THC. Even if a crop has less than 0.3% 9-THC at the time of harvest, once the hemp material is
exposed to heat or light, THCa will undergo decarboxylation and be converted into  9-THC,
likely resulting in concentrations greater than 0.3% and subsequently exceeding regulatory
guidelines.
1.2.2. Sex Determination of Plants
Only the female plants are grown for the production of hemp-derived essential oils. A
non-pollinated female plant will have higher yields and cannabinoid concentrations than the male
plant or a seeded female plant of the same cultivar (Green, 2017). When male plants are removed
from the production area, female plants increase the odds of pollination by producing more resin.
This results in increased gland production and subsequently increased yields. A hermaphrodite is
a plant that contains both male and female sexual organs. If pollen is present, a plant will
automatically pollinate itself, resulting in a crop that will produce seed. While certain cultivars of
hemp are naturally hermaphroditic, there is evidence that some cultivars may be vulnerable to
stress-induced hermaphroditism (Green, 2017). If a female plant is pollinated, the flowers will
contain seed and have lower yields and concentrations of cannabinoids (Green, 2017). Hemp

6

material with seeds receives a lower market value and is thus undesirable for hemp producers.
Therefore, ideal field production for essential oils is comprised of only female plants.
1.2.3. Hemp Photoperiod
Hemp can be categorized in two ways with respect to light response: daylength-sensitive
(photoperiod sensitive) and daylength-neutral (auto-flowering). Daylength-sensitive hemp is a
short-day plant, requiring more than 14 hours of light to remain in the vegetative stage (Chandra
et al., 2017). Decreasing light intervals to less than 14 hours will cause the plants to begin to
flower, entering into the reproductive phase of its life cycle (Pennisi et al. 2000). When a hemp
plant begins flower production, the plant ceases to accumulate dry matter and stops longitudinal
growth (García-Tejero et al., 2019). Daylength-sensitive hemp plants allow hemp producers to
grow their plants until they reach a large size, subsequently increasing their yields (Vanhove et.
al., 2011). If plants become stunted because of environmental stressors such as excess rainfall or
high temperatures, growers can delay flowering to prevent yield loss. Daylength-neutral hemp
does not respond to light and will begin to flower after one to two months of vegetative growth,
regardless of light triggers (Vanhove et. al, 2011). If an environmental stressor were to stunt
vegetative growth, yields would also be decreased. However, supplemental lighting is not
required for this type of hemp which is useful for locations without access to electricity.
1.3. General Production Practices of Hemp
Industrial hemp grows best on well-drained, fertile soils that are rich in organic matter
(Kaiser et al., 2015). Hemp requires full sun, tolerates heat and thrives in open areas (Small et al.
2003). Cultivated plants grow best in daytime high temperatures between 25°C and 28°C, and its
seeds have an optimum germination rate when the ground is warm (Anderson et al., 2019). Soil
pH should be at or slightly below neutral, or between 6.0–7.5 (Amaducci et al., 2014). Young
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plants are sensitive to wet or flooded soils during the first three weeks, or until plant height
reaches about 1 foot tall (Anderson et al., 2019).
Seeding transplants has been the primary source of propagation for cannabis cultivation
(Chandra et al., 2017). Seeds should be sown roughly 6mm from the soil surface, which is
approximately twice the length of a cannabis seed (Green, 2017). Planting into moist, aerated
soil will provide the required conditions for optimum germination (Chandra et al., 2017).
Sprouting occurs approximately four days after planting, and the majority of viable seeds should
germinate within two weeks (Chandra et al, 2017). Factors such as the cultivar, seed age, storage
condition and soil and water temperatures can affect seed germination time (Chandra et al.,
2017). Upon emergence, the use of supplemental lighting is shown to keep seedlings compact
and to encourage vertical growth, rather than leaning to the left or right. The leaning of seedlings
is caused by weak stems, indicating problems with seed to light distances (Green, 2017). Clonal
propagation by cuttings is gaining popularity due to the ability to ensure hemp genetics are trueto-type. Genotypic and phenotypic variability is an issue in the hemp industry, leaving producers
willing to pay a premium price for cuttings. Research is ongoing to identify optimal clonal
propagation practices for cuttings.
Although hemp has been considered to be a low-input crop, yields and quality suffer
when plants are grown in poorly drained clay soils and soils low in fertility (Kaiser et al., 2015).
Nitrogen fertilization should be determined on the basis of soil fertility through soil testing,
however, suggested nitrogen rates vary based on cropping history (Williams et al., 2018).
Reports have shown significant yield increases in nitrogen-limiting conditions when nitrogen
levels were applied above the recommended application rate (Amaducci et al., 2015). This has
been confirmed by many hemp specialists as they recommend adding one and a half times the
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recommended rate of nitrogen suggested by the soil test, stating that the best yields are attained
when hemp is grown with inputs similar to corn and wheat (Kaiser et al., 2015). During
vegetative growth, cannabis plants are most successful with high levels of nitrogen and moderate
levels of phosphorous and potassium (Green, 2017) with phosphorous and potassium application
rates based on a recent soil test (Baxter et al., 2000). The Agricultural Analytical Services Lab at
Pennsylvania State University recommends the addition of 150 pounds of nitrogen (N), 30
pounds of phosphate (P 2O5) and 20 pounds of potash (K 2O) in soils with optimum levels of
phosphorous and potassium (Harper et al., 2018).
Controlling pests, such as insects and weeds, is necessary for optimum plant growth.
Weeds utilize the water and nutrients from the hemp plants, and can also harbor insect pests,
potentially leading to higher insect pest levels. Due to herbicide products’ limited availability for
labeled hemp production, cultural practices such as planting date, planting density and plastic
mulch are recommended weed control strategies (Baxter and Scheifele, 2000). Early planting
dates, once the soil temperature increases, give hemp plants the opportunity to grow ahead of the
weeds, decreasing weed pressure later in the season. In a study conducted by Central Queensland
University in Australia, higher planting densities of fiber hemp resulted in increased weed
suppression and reduced weed weights (Bhattarai et al., 2014). However, wider spacings, such as
those commonly used for essential oil-type hemp production, have been shown to have increased
weed pressure. Plastic mulch is another recommended weed control strategy in hemp production
systems (Jelliffe et al., 2020). In a study looking at the effect of plastic mulches on weed biomass
in a tomato field, the mulches resulted in an 84-98% reduction in overall weed biomass
(Rajablariani et al., 2012). This is due to suppressed weed seed germination, growth and
development under the plastic (Rajablariani et. al, 2012).
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The Environmental Protection Agency (EPA) currently approves the use of 59 pesticide
products that can be used in hemp cultivation (U.S. Environmental Protection Agency, 2021).
Fifty-eight of the approved products are biopesticides, which are derived from natural
ingredients such as plants, animals, bacteria and certain minerals. Only one approved pesticide is
conventional, or produced synthetically. The conventional pesticide’s active ingredient is
potassium salts of fatty acids, which acts as an insecticide, fungicide and miticide (U.S.
Environmental Protection Agency, 2021). Ongoing research is being conducted to evaluate
additional pesticides for hemp production. Until data is released, following best management
practices such as maintaining ideal soil moisture, planting dates, seeding rates, mulching material
and fertility is the best way to reduce the negative impacts of pests, especially weeds (Kaiser et
al., 2015).
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CHAPTER 2. IDENTIFYING OPTIMUM CULTURAL PRACTICES FOR
ORGANIC HEMP PRODUCTION IN SOUTH LOUISIANA
2.1. Introduction
At the time this study commenced, hemp (Cannabis sativa L.) cultivation research was
nonexistent in Louisiana (LSU AgCenter Hemp Committee, 2020). University research was
inhibited by the Controlled Substances Act, Title II of the Comprehensive Drug Abuse
Prevention and the Control Act of 1970, as well as the lack of data in publish peer-reviewed
literature (Mark et al., 2020). As a result, farm-level production studies are still largely
consigned to university fact sheets and white papers throughout the United States (Mark et al.,
2020). Despite the wide range of agro-ecological conditions in which hemp can be cultivated,
many components of hemp production vary in different regions. Optimum planting date(s),
planting density and harvest windows are critical components to an effective hemp management
program and must be determined to make the best recommended practices to commercial hemp
producers in Louisiana (García-Tejero et al., 2019). Furthermore, the selection of the mostadapted cultivars to Louisiana, those that produce an optimum yield and do not exceed 0.3%
tetrahydrocannabinol (THC), need to be identified. The Louisiana State University (LSU)
AgCenter and other extension services need first-hand research to effectively advise producers
on best management practices of hemp.
2.1.1. Suitable Cultivars
Hemp has multiple end-uses, therefore particular cultivars are selected for specific
products. Cultivars developed for cannabidiol (CBD) oil produce shorter, stockier plants and
would not yield a desirable crop for fiber end products, while fiber-type hemp plants produce
tall, thin plants that produce extremely low concentrations of CBD. There are substantial
information gaps and discrepancies among the characteristics of various cultivars throughout the
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United States. Commercial plant breeding programs have mainly focused on hemp fiber, seed or
grain production over the past 50 years, whilst cultivars developed for essential oils outside of
breeding programs mainly focused on high-THC marijuana (Mark et al., 2020). In a review of
state pilot programs for hemp, the USDA discovered that many hemp cultivars produce
inconsistent results and variable concentrations of THC (Mark et al., 2020). Additionally, many
seed producers of CBD-type hemp make claims of producing all female-seed while not being
able to support such claims. This calls for a need to identify cultivars that produce consistently
high CBD and low THC concentrations that are optimal for essential oil production (Mark et al.,
2020). Moreover, many cultivars have been bred for the states that have historically cultivated
cannabis, such as Colorado, Washington and Kentucky, with climates that differ greatly from
Louisiana.
2.1.2. Organic Cultivation
Organic food product consumption is increasing among consumers all over the world
(Sharma and Singhvi, 2018). This pattern is due to consumer awareness regarding health and
environmental concerns, causing an increase in demand for products free from synthetic
chemicals, fertilizers and pesticides (Srinieng and Thapa, 2018). The USDA organic regulations
describe organic agriculture as the “cultural, biological and mechanical practices that support the
cycling of on-farm resources, promote ecological balance and conserve biodiversity” (USDA
National Organic Program, 2015). The rise in demand for organic foods and products has
extended to the national hemp sector, and organically-cultivated hemp and hemp-derived
products are now higher in demand than previously documented (Pasanen, 2017). In a survey
conducted among North Carolina certified organic growers, 85% of participants were interested
in growing hemp on their farms and the majority wanted to learn about crop production
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practices, suitable cultivars and the legality of growing it (Dingha, 2019). Ross Duffield, farm
manager at Rodale Institute, states that “hemp fits very well into an organic system” due to its
ability to improve soil health, mitigate runoff and erosion and grow at a rapid rate (Pasanen,
2017).
2.1.3. Optimum Planting Date
The following factors should be considered when determining an optimum planting date
for hemp: temperature of the soil, day length, time of crop establishment, time to complete
canopy closure, water uptake, water retention, weed pressure and insect pressure. Many research
trials have been conducted to determine optimum planting dates, but none have been published
in a climate similar to Louisiana (Mark et al., 2020; Post et al., 2019; Williams et al., 2018).
Planting date recommendations vary greatly as they are dependent on the growing region and
associated considerations. In a trial conducted by North Carolina State University, the plots
planted in June were more successful than those planted in May and July (Williams et al., 2018).
Although North Carolina is a part of the southeastern United States, the trials were conducted in
mountainous regions with elevations much greater than Louisiana. The University of Kentucky
recommends planting in late April or early May (Kaiser et al., 2015). In a preliminary research
report, the University of Florida found that planting in May had greater plant establishments than
later plantings in June or July (Brym et al., 2019). This is likely contributed to the seasonal shift
in weather that occurs as the start of the hot and rainy season occurs in mid-May (Brym et al.,
2019). However, there was no data in the Florida based report on how the planting date affected
the yield and bud quality in essential oil-type hemp (Brym et al., 2019).
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2.1.4. Optimum In-Row Plant Spacing
Plant spacing is another critical component to an effective hemp program that can
severely impact crop yield per acre and subsequently profitability. Plant spacings also influence
canopy closure, adequate aeration between plants, stem diameter, biomass yield, marketability of
yield, weed pressure, insect pressure and disease pressure (Darby et al., 2018). In a preliminary
research report, the University of Florida found that yield gradually increased with an increase in
interrow spacing (Yang et al., 2019). Moreover, less plants per acre led to a higher flower yield
per plant when comparing in-row spacings of 1.5, 3.0, 4.5 and 6 feet. However, the opposite
effect happened when flower yield was considered on a per acre basis. In this case, more plants
per acre resulted in higher flower yields per acre (Yang et al., 2019). Additionally, plant spacings
did not significantly alter cannabinoid concentrations (Yang et al., 2019). North Carolina State
University conducted a trial to assess optimum in-row spacings of hemp and found that an inrow spacing of four to five-feet was optimum. However, this information was acquired through a
site visit, and the data from that trial has not yet been published. In a separate and subsequent
hemp strain testing trial conducted by North Carolina State University, a five-foot spacing was
used (Post et al., 2019). With mixed results in the published literature, it is important to
determine this information locally to best advise Louisiana producers.
2.1.5. Cannabinoid Development and Distribution
Industrial hemp plants are regulated by the USDA under the Agricultural Improvement
Act of 2018 and must fall below a threshold of 0.3% tetrahydrocannabinol (THC) on a dry
weight basis. Any samples found to exceed 0.3% THC are classified as marijuana and subject to
destruction and forfeiture of the crop. To determine if a crop exceeds 0.3% THC, regulatory
agencies combine the concentration of THCa and  9-THC. The USDA enforces standard and
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performance-based sampling guidelines that are specified for field and indoor sampling of hemp
(U.S. Department of Agriculture, 2021). As per the Sampling Guidelines for Hemp established in
2021, samples are taken to obtain specimens for the measurement of total THC content, that
determine whether the specimens are hemp or marijuana (U.S. Department of Agriculture, 2021).
The samples are intended to be representative of the total THC content in a “lot” of hemp crop as
specified by the producer (U.S. Department of Agriculture, 2021). Producers may not harvest
their crop until the hemp has been sampled for THC concentration and must complete their
harvest within 30 days of sampling. Since the THC content of hemp generally peaks as the plant
matures, the timing of when sampling occurs is important to accurately measure total THC
concentration and ensure compliance with the USDA hemp production program (U.S.
Department of Agriculture, 2021). The USDA hemp production program mandates that all
samples “must be collected from the flowering tops of the plant by cutting the top five to eight
inches from the ‘main stem’ (which includes the leaves and flowers), ‘terminal bud’ (located at
the end of a stem) or ‘central cola’ (cut stem that could develop into a bud) of the flowering top
of the plant” (U.S. Department of Agriculture, 2021).
Although hemp producers have 30 days to harvest their crop after sampling, cannabinoids
can continue to develop throughout that time. Additionally, only the top portion of the plant is
sampled, which may not be representative of the cannabinoid concentrations throughout the
middle and lower potions of the plant. Until recently, there has been little documentation on
individual cannabinoid levels and how they develop throughout floral development. During the
development of this thesis, total CBD and THC levels were reported to reach their peak 28 and
30 days after anthesis, respectively (Linder et al., 2021). Commercial hemp producers receive
larger profits for crops that contain high levels of desirable cannabinoids such as CBD or CBG.
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The identification of an optimum harvest window is necessary to ensure desirable cannabinoids
are at their highest and THC levels remain compliant even after regulatory sampling.
The objective of this study was to identify an optimum planting date and in-row spacing
of organically-grown hemp. Nine cultivars of essential oil-type hemp were grown to full maturity
to assess their growth and yield with the goal of identifying suitable cultivars for Louisiana’s
climate. The final objective was to quantify cannabinoid concentrations at the time of bud
maturity and determine their spatial distribution throughout the plant in an effort to determine an
optimum harvest window and enhance regulatory compliance.
2.2. Materials and Methodology
Nine cultivars of essential oil-type hemp (Cannabis sativa) were grown to full maturity in
the field using organic practices at the Central Research Station in Baton Rouge, Louisiana
(30.3606107, -91.1771971). The cultivars were planted into a split-split randomized plot design
with four planting dates: April 15th, May 15th, June 15th and July 15th. The subplots were
comprised of nine cultivars and the sub-sub plots were comprised of three plant spacings (three,
four and five-foot in-row centers). Between each plot were 5-foot skip-spaces planted with one
common basil (Ocimum basilicum) and one Blue African Basil (Ocimum kilimandscharicum ×
basilicum 'Dark Opal') plant. Basil plants were planted to increase biodiversity and provide a
habitat for various beneficial insects. Each cultivar had five plant replications per treatment (n=5)
and the trial was replicated twice during two consecutive years (2020 and 2021). Initial cultivar
replications were limited because of lack of seed availability during the 2020 and 2021 seasons.
The following daylength-sensitive cultivars were produced under identical growing
conditions: Berry Blossom, Carolina Dream, Hot Blonde, Mountain Mango, Oregon White,
Putin’s Problem, Queen Dream, Quick Kush, Southern Luck Improved, Southern Sunset
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Improved and Stormy Daniels. Two cultivars were propagated by cuttings, Southern Luck
Improved and Southern Sunset Improved. The cuttings were bred by The Hemp Mine LLC (Fair
Play, South Carolina) and acquired from Dupont Nursery Inc. (Plaquemine, Louisiana). The
remaining cultivars were grown from seed in a greenhouse prior to transplanting into the field.
Plants were seeded into 50 count trays using Sungro Horticulture Professional Growing mix
(Sungro Horticulture, Agawam, Massachusetts) with a planting rate of one seed per cell. In year
two of the study, FoxFarm Ocean Forest Potting Soil (FoxFarm Soil and Fertilizer Co., Arcada,
California) was used to enhance transplant vigor (LSU Hemp Committee, 2020).
Seedlings were irrigated for 30 second intervals every two hours from 07:00 to 19:00.
Upon onset of true leaf emergence, plants were fertilized with three ounces of Fertilome fish
emulsion (5-1-1) (Voluntary Purchasing Groups, Inc., Bonham, Texas) solution twice a week.
The fertilization rate used was double the label recommendation for transplants, or two teaspoons
per gallon of water. High pressure sodium lights were used to extend the photoperiod to 18 hours
of light and 6 hours of dark using twelve 1000-watt bulbs. The seedlings grew in the greenhouse
for four weeks before being transplanted into the field.
Leaf punches of 3mm diameter were collected from the plants at the two-to-three- leaf
growth stage for DNA extraction to determine plant sex from single nucleotide polymorphisms
(SNPs) (Table 2.1). DNA extraction was done using QuickExtract Plant DNA extraction solution
from Lucigen (Middleton, WI) using the recommended protocol
(https://www.lucigen.com/docs/manuals/MA268E-QuickExtract-Plant-DNA.pdf). The DNA
concentration was recorded using QuickDrop (Molecular Devices, San Jose, CA). All the
instruments for the SNPline Polymerase Chain Reaction (PCR) Genotyping System, including
Hydrocycler2 for PCR Reactions, PHERAstar plate reader for fluorescence measurements and
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Kraken software for analyzing the data, were purchased from LGC Biosearch Technologies
(Middlesex, UK).
Table 2.1. Single nucleotide polymorphism (SNP) details for sex identification of hemp at the
two-to-three leaf growth stage.
SNP

DNA Sequence

Sex

CSI-1 FAM

GAAGGTGACCAAGTTCATGCTGGTGGGGTGATCATGCCAAAG

CSI-1 HEX

GAAGGTCGGAGTCAACGGATTCGGTGGGGTGATCATGCCAAAT

CSI-1
common

Female
Male

GGACCGGCCTAGAAAATGACCTAA

The PCR conditions for sex identification are listed in Table 2.2. The assay was designed
to produce HEX fluorescence for male plants and FAM fluorescence for female plants.

Table 2.2. Polymerase chain reaction conditions for sex identification of hemp at the two-tothree leaf growth stage.
Step

Description

Temperature

Time

Number of
Cycles

1

Enzyme Activation

94°C

15 min

1

2

Template Denaturation

94°C

20 sec

10

Annealing and
Extension

65 - 57°C

60 secs
(drop 0.8°C per cycle)

Denaturation

94°C

20 secs

Annealing and
Extension

57°C

60 secs

Template Denaturation

94°C

20 secs

Annealing and
Extension

57°C

60 secs

3

Recycling

30

3

Once the sex was determined, male plants were discarded and only female plants were
transplanted into the field one month after sowing seed. Any plants that turned male or
hermaphroditic in the field were recorded and discarded.
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The field plot was 110-feet wide by 200-feet long and consisted of 23 rows on four-foot
centers. The field was 45-feet from a water source and had a drip irrigation system using a
dripline with 12-inch emitters (Netafim, Fresno, California) attached to a one-inch header line
(Netafim, Fresno, California). Field irrigation was set to 30 minutes every 12 hours, at 06:30 and
18:30.
A soil test from the LSU AgCenter Soil Testing and Plant Analysis Laboratory indicated
the primary mineral element phosphorous (44.59 ppm) was “high” and potassium (210.15 ppm)
was “very high.” Secondary mineral elements and micronutrients were classified as “very high,”
including calcium (2,521.22 ppm) and magnesium (478.55 ppm). Sulfur (24.52 ppm), copper
(2.72 ppm) and zinc (2.32 ppm) were classified as being “high” in concentrations as well. The
soil type was a very fine sandy loam with a suitable pH (6.64) level for optimal hemp growth
(Mylavarapu et. al, 2020). A pre-plant application of Nature Safe organic feather meal (13-0-0)
(Darling Ingredients Inc., Irving, Texas) was applied at a rate of 100 lbs nitrogen per acre. After
transplanting into the field, each plant received five ounces of fish emulsion solution (5-1-1)
(Voluntary Purchasing Groups, Inc., Bonham, Texas). The fish emulsion was initially mixed at a
rate of one tablespoon per gallon as per labeled instructions. Hemp plants were fertilized once
weekly with an OMRI listed, water-soluble nitrogen amendment (14-0-0) (Westbridge Organics,
Vista, California) at a rate of 10 pounds nitrogen (N) per acre using a fertigation system. Year
two of this study did not receive a pre-plant nitrogen application due to excess rainfall that
prevented application equipment from entering the field. Therefore, in year two, the weekly
fertigation application rate of nitrogen increased so that the total nitrogen applied throughout the
season would remain equal in years one and two. Additionally, Jack’s Nutrients fertilizer (15-0-0
and 5-12-26) (JR Peters Inc, Allentown, Pennsylvania) was applied as the weekly nitrogen
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amendment during year two at a rate of 13.4 pounds N per acre. The plants were fertilized twice
weekly with a blend of 59 g N from 15-0-0 fertilizer and 91 g N from 5-12-26 fertilizer products.
During weeks with excess rainfall, half a teaspoon granular Hi Yield Calcium Nitrate (Fertilome,
Bonham, TX) was applied to base of each plant. This application method was used because of
excessive standing water in the field. If the irrigation was used to fertigate, additional plants
would have been lost to root rot.
Six dual-head multidirectional LED light stands (Parmida LED Technologies,
Paramount, California) were installed to extend the photoperiod during the vegetative stage of
growth. Each light stand provided 200 watts of light with 20,000 lumens. The light stands were
placed along the perimeter of the field and were set to an automatic digital timer (Chicago
Electric, Carol Stream, IL) from 02:00 until 07:00 to provide 18 hours of light and six hours of
dark to the field. Plants grew vegetatively (with supplemental lighting) for two to three months
and reproductively (without supplemental lighting) for two months prior to harvest.
The rows were covered with 48-inch black on white non-degradable embossed plastic
mulch (Rain-Flo Irrigation, East Earl, Pennsylvania) for weed control. The plastic mulch was
laid with the white side up to reduce soil surface temperatures (American Society for
Horticultural Science, 1998) due to high ambient temperatures that took place during this study.
Row middles were routinely managed for weeds using string trimmers and lawn mowers.
Grasses and weeds, predominately purple nutsedge (Cyperus rotundus), began to grow in close
proximity to the plastic mulch and were controlled by applying the non-selective, organic
herbicide Scythe (Gowan Company, Yuma, Arizona) at a 7% solution rate (volume/volume).
Neem oil (Southern Agricultural Pesticides, Inc. Palmetto, Florida), an organic, broad-spectrum
fungicide, insecticide and miticide, was applied upon increasing insect counts in the field. The
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insect pests of concern were the bertha army worm (Mamestra configurata) and the spotted
cucumber beetle (Diabrotica undecimpunctata). Following the initial application, insect counts
never grew above a concerning threshold for repeated applications. In year one of this study
there was an outbreak of the soil borne pathogen southern blight, Athelia rolfsii (anamorph:
Sclerotium rolfsii). To preserve the integrity of this study, the fungicide Blocker 4f (AMVAC
Chemical Corporation, Newport Beach, California) with the active ingredient
pentachloronitrobenzene (PCNB) at 40.0% was applied two months prior to harvest. Each plant
received 8oz of solution at a rate of 18 oz of Blocker 4f per 25 gallons of water. Blocker 4f was
applied on the day of transplanting into the field in year two.
The following plant growth measurements were recorded: plant height, canopy width and
a second canopy width of perpendicular measure. This data was collected on a weekly basis from
the time of transplant through the second week of reproductive growth. Once the plants reached
full maturity, the entire plant was harvested by cutting the main stem two inches below the first
branch. Individual plants were labeled and placed into trash bags to keep each plant separate
from one another and were brought immediately to the drying facility. Plants were hung-dry
upside down in a walk-in cooler stored at 72°F with a dehumidifier to maintain 35% relative
humidity. Once dried to a moisture content below 12% as per 2018 USDA Farm Bill protocol,
the flowers were hand trimmed. Fresh weight of the entire plant, the dry weight of the entire
plant and dry weight of the total flowers produced per plant, or yield were collected.
Flower samples were collected for cannabinoid analysis of each plant. Additional
stratified sampling took place to analyze the distribution of cannabinoids in the plant at the time
of harvest. Flower samples were collected from the following strata: the upper third, middle third
and lower third, or the top, middle and bottom portions of the plant (see Figure 2). Dried samples
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were immediately placed in a -80° C freezer to prevent cannabinoid degradation until further
analysis took place.

Top

Middle

Bottom

Figure 2. Stratified sampling of hemp plant. Photo credit: Kaylee M. Deynzer.

Percent moisture content of the floral tissue samples had to be quantified to accurately
correct cannabinoid concentration levels to USDA standards. Floral tissue samples were sent to
the Ag Chemistry laboratory at LSU. The Mettler Toledo HC103 (Mettler Toledo, LLC,
Columbus, Ohio) moisture analyzer was run to measure the percent moisture content in each
sample using the parameters listed in Table 2.3. Samples were ground, homogenized (size and
material) and distributed evenly on the sample pan prior to analysis.
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The dried plant tissue was extracted according to the Louisiana Department of
Agriculture and Forestry hemp extraction protocol. This consisted of adding 200 mg ± 0.5 mg of
freeze-dried tissue to a 50 mL plastic centrifuge tube (Corning 430828) to which was added 25
mL of HPLC grade methanol. The mixture was vortexed for one minute (min) and sonicated for
15 min, stopping to vortex for one min per five min of sonication. The mixture was then
centrifuged for 5 min at 1230 G. A portion of the supernatant was filtered into a 15 mL
centrifuge tube (Corning 430790) using a 0. 2 μm polyvinylidene difluoride (PVDF) syringe
filter (Whatman 6873-2502). The filtered supernatant was then diluted at a ratio of 1:10 with
25% HPLC grade water/75% 0.1% formic acid and placed into autosampler vials.

Table 2.3. Mettler Toledo HC103 moisture analyzer parameters used during the quantification of
percent moisture content of dried hemp bud grown in south Louisiana.
Parameter

Specification

Drying Program

Standard

Drying Program

60°C

Switch Off Criteria

5 (1mg/140s)

Switch Off Criteria

% MC

Start Weight

0.500 g

Start Weight Tolerance

10%

Analysis of the cannabinoids CBD, CBDV, CBDa,  9-THC, THCa and THCV was
performed with Dionex ICS-3000 system, which includes Dionex Ultimate 3000 pump, Ultimate
3000 Autosampler, Ultimate 3000 column compartment and Ultimate 3000 Photodiode Array
Detector which were controlled by Chromeleon 6.8 software. The samples were separated on a
Waters Cortecs T3 column with the mobile phase of 58% acetonitrile containing 0.1% formic
acid (B) in 0.1% formic acid in water (A) at 38 °C. The mobile phase gradient used during the
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separation is shown in Table 2.4. The flow rate was 1.0 ml/min with a detection wavelength at
228 nm. Injection volume was 20 μl.

Table 2.4. High-Performance Liquid Chromatography mobile phase gradient during the
separation of hemp solutes for the quantification of cannabinoids.
Time (min)

Mobile Phase A (0.1% formic

Mobile Phase B (0.1% formic

acid in water)

acid)

0.0

42

58

15.0

42

58

16.0

5

95

19.0

5

95

19.2

42

58

23.0

42

58

Samples were prepared by mixing 100 ul of the sample extract solution with 600 ul of the
mobile phase (58% acetonitrile in water containing 0.1% formic acid). The standard stock
solution contained CBDa at the concentration of 200 ug/mL and THCV, CBG, 9-THC, 8-THC
and 9-THCa at the concentration of 20 ug/mL. The calibration curve was created by a series of
different concentrations made from 200/20 ug/mL to 100/10, 50/5.0, 25/2.5, 12.5/1.25 and
6.25/0.625 ug/mL.
2.3. Results and Discussion
2.3.1. Sexing of Hemp Results
The polymerase chain reaction (PCR) test results indicated that 16 of the 120 plants sown
by seed were males (Table 2.5). The cultivars with males in the seed lot were Carolina Dream
(45%), Queen Dream (10%) and Hot Blonde (10%). Male plants were discarded and only female
hemp plants were transplanted into the field. Throughout the first growing season, 27% of the
Carolina Dream cultivars turned into hermaphrodites and were removed from the field. Due to
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the importance of excluding male plants from essential oil-type hemp production systems,
Carolina Dream was not an ideal cultivar for CBD production in this trial.

Table 2.5. Germination rate and sexing of hemp seed in 2020 Louisiana field trial
(average germination in both the June and July planting dates).
Cultivar

Germination Rate
Plants that Germinated
Plants that Turned
(%)
as Males (%)
Male in Field (%)
Carolina Dream*
93
45
27
Queen Dream*
97
10
0
Hot Blonde*
90
10
0
Mountain Mango
87
0
0
Quick Kush
87
0
0
Berry Blossom
97
0
0
Putin’s Problem
87
0
0
Stormy Daniels
90
0
0
Oregon White
97
0
0
Cultivars marked with an * signifies males were in the original seed lot. N =20.
2.3.2. Setbacks of the Study
Year one of this study was conducted in 2020, during the onset of the COVID-19
pandemic. Several limitations delayed the commencement of this study as planned, therefore the
2020 April and May plantings did not occur. Additionally, many plants died due to the soil-borne
pathogen southern blight, Athelia rolfsii (anamorph: Sclerotium rolfsii) (Sing et al., 2021). Many
farms across the state were affected by southern blight, which was not a phenomenon unique to
this study. Between June and August of 2020, southern blight was reported from all major
growing areas of Louisiana and disease incidence and severity varied from 10 to 50% and from
30 to 90%, respectively (Sing et al., 2021). The percentage of each cultivar that died due to
southern blight in this study is listed in Table 2.6. The majority of cultivars that died were in the
June planting, reducing the number replications for each treatment. Because of the replication
reduction, the June planting was removed from certain analyses to limit skewness. Several
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cultivars including Carolina Dream, Queen Dream Quick Kush and Hot Blonde were all above
50% mortality from this disease. Whereas Oregon White and Putin’s Problem had less than 15%
mortality from southern blight in the June and July 2020 Louisiana field trials (Table 2.6).
Table 2.6. Plant death caused by southern blight, Athelia rolfsii (anamorph: Sclerotium rolfsii) in
the Louisiana field-grown essential oil-type hemp trials in June and July 2020.
Cultivar
Berry Blossom
Oregon White
Carolina Dream
Queen Dream
Quick Kush
Hot Blonde
Mountain Mango
Putin’s Problem
Stormy Daniels
N = 30: 15 plants in June and 15 plants in July.

Plant Death (%)
22.22
11.11
77.77
55.55
77.77
77.77
44.44
11.11
22.22

Year two of this study was conducted in 2021, which had the third highest annual rainfall
on record for Baton Rouge (Nuzzo, 2021). The months of April, May, June, July, August and
September had higher amounts of rain than historical averages. Figure 3 shows rainfall data
during this study. April and May plantings died due to root rot as a result of excess rainfall and
standing water in the field. To maintain the integrity of this study, June and July plantings were
planted under a hoop house to reduce exposure to rainfall. The plants were grown under the same
conditions as the field plantings, in the ground and at two-feet spacing. The months of June, July,
August and September also received higher amounts of rainfall than historical averages (Nuzzo,
2021). However, the plants grew successfully under the hoop house until September, when
Hurricane Ida formed and passed through Louisiana. The storm resulted in standing water in the
row middles, leading to root rot of both June and July plantings. As a result, no data were
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collected from year two of this study as nearly 100% death occurred from root rot and wind

Inches

damage.

Figure 3. A comparison of Louisiana historical averages of rain (inches) and the 2021 rainfall
(inches).
2.3.3. Plant Growth Results
Plant height and width measurements were insignificant between cultivars; however,
many repetitions were lost due to plant mortality and may have negatively impacted statistical
analysis and led to results that were not representative of the entire population. Future studies
should include increased plant replications to account for any field loss that may occur. Plant
measurements were combined (height, width 1 and width 2) to create an overall growth index of
each cultivar in this study (Figure 4). The growth index of ‘Berry Blossom’ was significantly
larger than ‘Oregon White’ and ‘Putin’s Problem’. The growth index of ‘Queen Dream’ and
‘Stormy Daniels’ was significantly similar to ‘Berry Blossom’, ‘Oregon White’ and ‘Putin’s
Problem’. There was a lack of uniform growth within cultivars likely due to phenotypic
variability. This lack of uniformity makes it difficult to recommended an optimum plant spacing
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for each cultivar to producers. However, the cultivars in this study did not exceed three-feet in
width, therefore based on this limited field study a three-feet in-row spacing is recommended for
Louisiana field-grown hemp. Berry Blossom is the only cultivar that required a four-foot in-row
spacing. As plant growth was limited, the weekly plant height and width measurement data are

Growth Index (in)

not shown.

Cultivar

Figure 4. Growth index (GI) of five essential oil-type hemp cultivars grown organically
in the field planted in July 2020. (GI = height x width 1 x width 2). Mean comparison across the
bars completed by SAS 9.4 proc GLM and proc MIXED ANOVA with Duncan post-hoc
analysis at P ≤ 0.05. Means with the same letter do not differ at the 5% significance level. (n=9).
The fresh weight of the entire plant was insignificant between cultivars (Figure 5).
However, the differences in the fresh weight are useful for cultivar descriptions and
recommendations to producers. The reported data demonstrations that ‘Berry Blossom’, ‘Queen
Dream’ and ‘Stormy Daniels’ produced sufficient quantities of biomass for commercial
production. This can be helpful for producers who aim to sell leftover plant material to a
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processer for an additional source of income once the buds are harvested. The low number of
repetitions for ‘Carolina Dream’ and ‘Quick Kush’ may have negatively impacted statistical
analysis and lead to results that are not representative of the entire population.
A

A

A

A
A

Weight (g)

A
A

A

Cultivar

Figure 5. Fresh weight of the entire plant of essential oil-type hemp cultivars grown organically
outdoors in south Louisiana (planted in June and July 2020). Mean comparison across the bars
completed by SAS 9.4 proc GLM and proc MIXED ANOVA with Duncan post-hoc analysis at P
≤ 0.05. Means with the same letter do not differ at the 5% significance level. (n=9).
2.3.4. Hemp Yield Results
The average dried bud weight or yields were insignificant between cultivars (Figure 6).
However, the yields are reported for individual cultivars as commercial producers and industry
personnel may gain valuable insight from these initial trials. While not significantly different,
‘Berry Blossom’, ‘Oregon White’, ‘Putin’s Problem’ and ‘Queen Dream’ produced sufficient
yields and should be further evaluated in field trials when environmental conditions are more
favorable. Buds produce the highest-economic return for commercial hemp producers and the
identification of the high yielding cultivars is helpful when selecting cultivars. The low number
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of repetitions for ‘Carolina Dream’ and ‘Quick Kush’ may have negatively impacted statistical
analysis and lead to results that are not representative of the entire population.
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A
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Weight (g)

A
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A

A

Cultivar

Figure 6. Average dried bud weight of essential oil-type hemp cultivars grown organically
outdoors in south Louisiana. Mean comparison across the bars completed by SAS 9.4 proc GLM
and proc MIXED ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same
letter do not differ at the 5% significance level. (n=9).
2.3.5. Cannabinoid Analysis Results
Due to plant death from southern blight Athelia rolfsii (anamorph: Sclerotium rolfsii) and
excessive male plant removal, cannabinoid concentrations were only quantified from the
following cultivars: Berry Blossom, Hot Blonde, Mountain Mango, Oregon White, Putin’s
Problem, Queen Dream, Quick Kush and Stormy Daniels (see Tables 2.7, 2.8, 2.9, 2.10, 2.11,
2.12, 2.13, 2.14 and 2.15). ‘Carolina Dream’ results are not reported due to the low number of
replications (n=1). Cannabinoid concentrations among plant location were not significant, with
the exception of CBDa in Quick Kush (see Table 2.14.). The concentration of CBDa in ‘Quick
Kush’ was significantly higher in the top portion in the plant than in the middle and bottom
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portions. Despite lack of statistical differences in cannabinoid concentrations, producers and
industry personnel will benefit from this data. In the hemp industry, a 3% variation in
cannabinoid concentration is important to producers, regulation agencies, processors and buyers
(personal correspondence with hemp producers at the ASHS 2021 national conference). There
are several cultivars that contain higher concentrations of particular cannabinoids in the top strata
of the plant than the middle and bottom strata. As an example, Table 2.7 displays concentrations
of CBDa in ‘Berry Blossom’ are greater in the top portion of the plant (13.739) as compared to
the middle (13.32) and bottom (13.428) portions of the plant. It is important to note that any
cannabinoid concentration level of ‘0’ does not mean than the cannabinoid is not present in the
plant; it simply signifies that the concentration was below detectable concentrations. Tables 2.7–
2.15 display the cannabinoid concentrations in individual cultivars tested in this project.
The concentration of CBDa in the top strata of ‘Berry Blossom’ (13.739) was 3.1% and
2.3% higher, although not significant, than the middle and bottom strata, respectively.
Table 2.7. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Berry Blossom’ hemp grown in field conditions in south Louisiana, July
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
0.545 A
0.584 A
0.579 A
N.S.
CBDV
0.119 A
0.119 A
0.121 A
N.S.
CBDa
13.739 A
13.320 A
13.428 A
N.S.
THCa
0.604 A
0.622 A
0.632 A
N.S.
0.127 A
0.147 A
0.155 A
N.S.
9-THC
THCV
1.187 A
1.271 A
1.338 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
Additionally, 9-THC, THCa and THCV concentrations gradually increased from the
top to the bottom of the plant in. However, this cultivar exceeds 0.3% THC in every stratum and
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are thus uncompliant with regulations under federal law. Due to the varying concentrations of
different cannabinoids in each strata of the plant, stratified sampling for may not be useful for
harvesting techniques and sampling protocols in ‘Berry Blossom’.
THCa, CBDV, CBDa and THCV concentrations were highest in the top portion of the
plant, although not significant, followed by the middle and bottom portions in ‘Hot Blonde’
(Table 2.8). The concentration of CBDa in the top strata (12.957) was 6% and 8.5% higher,
although not significant, as compared to the middle and bottom strata of the plant, respectively.
The concentration of 9-THC was lowest in the bottom portion of the plant, however all portions
exceeded 0.3% and are thus uncompliant with regulations under federal law. THCV levels in the
top portion of the plant were 10.1% and 13.3% higher, although not significant, than the middle
and bottom portions, respectively. Stratified sampling for may be useful for harvesting
techniques and sampling protocols in ‘Hot Blonde’ as the increase and or decrease in particular
cannabinoid concentrations may be useful for particular medications and holistic products.
Table 2.8. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Hot Blonde’ hemp grown in field conditions in south Louisiana, June 2020.
Cannabinoid

Top

Middle

Bottom

Significance

% dry weight
CBD
2.091 A
2.224 A
2.111 A
N.S.
CBDV
0.044 A
0.041 A
0.038 A
N.S.
CBDa
12.957 A
12.223 A
11.899 A
N.S.
THCa
0.637 A
0.635 A
0.621 A
N.S.
0.505 A
0.523 A
0.451 A
N.S.
9-THC
THCV
1.009 A
0.912 A
0.893 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
The concentration of CBDa in the top portion of the ‘Mountain Mango’ was 10.4% and
13% higher, although not significant, than the middle and bottom portions of the plant,
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respectively (Table 2.10). Furthermore, the THCV concentration in the top was 8.2% and 26.9%
higher, although not significant, than the middle and bottom portions respectively. 9-THC,
THCa, CBD and CBDV concentrations were similar among all three locations and did not follow
an increasing or decreasing trend among plant strata. Due to the varying concentrations of these
cannabinoids, stratified sampling for may not be useful for harvesting techniques and sampling
protocols in ‘Hot Blonde’ unless specifically seeking CBDa and THCV.
Table 2.9. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Mountain Mango’ hemp grown in field conditions in south Louisiana, June
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
1.150 A
1.172 A
1.225 A
N.S.
CBDV
0.085 A
0.074 A
0.075 A
N.S.
CBDa
10.261 A
9.250 A
9.007 A
N.S.
THCa
0.492 A
0.472 A
0.448 A
N.S.
0.275 A
0.268 A
0.276 A
N.S.
9-THC
THCV
0.467 A
0.430 A
0.356 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
The average concentration of THVC in ‘Oregon White (22.79) was 180% higher,
although not significant, than the average THVC concentration (1.14) among all other cultivars
in this trial. Oregon White CBDa concentrations were 190% lower, although not significant, than
the average CBDa concentration among all other cultivars in this trial. This could be explained
by several factors, one of which being that this cultivar has been bred to produce higher
concentrations of THCV than CBDa. An additional consideration is that perhaps CBDa requires
more time to develop in Oregon White than in other cultivars. The equipment and software used
during the extraction, quantification and analysis of cannabinoids in this project were routinely
examined for accuracy. Thus, although it is not impossible, it is unlikely that the low
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concentrations of CBDa in ‘Oregon White’ are due to errors in analysis. The top and middle
strata of ‘Oregon White’ were compliant and did not exceed 0.3% THC. The bottom stratum
totaled 0.307% THC, exceeding the threshold by only 0.007% THC (THCa and 9-THC
combined). Future studies should evaluate this cultivar when harvested at earlier dates to ensure
all stratum remain compliant, Oregon White was the only cultivar in this trial demonstrate
compliancy.
2.10. Cannabinoid concentration between plant locations (top, middle and bottom strata of the
entire plant) of ‘Oregon White’ hemp grown in field conditions in south Louisiana, July 2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
0.194 A
0.217 A
0.223 A
N.S.
CBDV
0.088 A
0.089 A
0.085 A
N.S.
CBDa
0.283 A
0.280 A
0.283 A
N.S.
THCa
0.229 A
0.229 A
0.244 A
N.S.
0.000 A
0.019 A
0.063 A
N.S.
9-THC
THCV
23.612 A
22.871 A
21.897 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
Putin’s Problem produced the highest average concentration of CBDa among all
cultivars in this study (Table 2.11). Producers seeking high concentrations of this cannabinoid
should assess the performance of this cultivar in their region. The concentration of CBD and
CBDV increased from the top to the bottom strata of the plant. The concentrations of the
remaining cannabinoids were not present in any particular pattern among strata in ‘Putin’s
Problem’. Once more, all plant stratum exceeded 0.3% THC and were thus uncompliant under
federal law.
The June planting of ‘Queen Dream’ had THCV and CBDV concentrations that gradually
increased from the bottom to the top portions of the plant (Table 2.12). Due to the varying
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concentrations of the remaining cannabinoids in each strata of the plant, stratified sampling for
may not be useful for harvesting techniques and sampling protocols in ‘Queen Dream’.
Table 2.11. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Putin’s Problem’ hemp grown in field conditions in south Louisiana, July
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
0.960 A
1.022 A
1.217 A
N.S.
CBDV
0.079 A
0.082 A
0.088 A
N.S.
CBDa
16.677 A
17.790 A
16.184 A
N.S.
THCa
0.808 A
0.859 A
0.809 A
N.S.
0.216 A
0.209 A
0.256 A
N.S.
9-THC
THCV
1.213 A
1.360 A
1.132 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
Both the June and July plantings of ‘Queen Dream’ were uncompliant and exceeded
0.3% THC in all three plant strata (Table 2.13).
Table 2.12. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Queen Dream’ hemp grown in field conditions in south Louisiana, June
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
1.161 A
1.384 A
1.282 A
N.S.
CBDV
0.136 A
0.130 A
0.080 A
N.S.
CBDa
11.460 A
11.567 A
11.066 A
N.S.
THCa
0.581 A
0.593 A
0.579 A
N.S.
0.283 A
0.334 A
0.325 A
N.S.
9-THC
THCV
0.899 A
0.804 A
0.774 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
Although the July planting did not exceed 0.3% 9-THC, it is important to remember that
compliancy is determined by combining the concentration of THCa and  9-THC, and cannot be
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solely identified by 9-THC alone. Additional planting dates should be evaluated in future
studies for the successful production of ‘Queen Dream’.
Table 2.13. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Queen Dream’ hemp grown in field conditions in south Louisiana, July
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
0.560 A
0.636 A
0.640 A
N.S.
CBDV
0.072 A
0.066 A
0.065 A
N.S.
CBDa
11.490 A
11.854 A
11.580 A
N.S.
THCa
0.561 A
0.581 A
0.562 A
N.S.
0.133 A
0.135 A
0.132 A
N.S.
9-THC
THCV
1.000 A
1.072 A
1.012 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
CBDa was the only cannabinoid found to be significantly higher in the top portion of the
plant than in the middle or bottom portions in ‘Quick Kush’ (Table 2.14). Additionally, the
concentrations of 9-THC, CBD, CBDV, CBDa, THCa and THCV decreased from the top to the
bottom strata, following the same trend. This cultivar is a good example of why plant strata is
important when sampling for compliance with THC concentrations. The top portion of ‘Quick
Kush’ had 14.3% and 26.4% higher levels of 9-THC, although not significant, than the middle
and bottom portions, respectively. However, ‘Quick Kush’ 9-THC concentrations exceeded
0.3% in every plant stratum and were thus uncompliant with regulations under federal law.
Additional trials should be conducted to determine if cannabinoid concentrations follow the same
trend, decreasing from the top to the bottom strata, while remaining compliant and not exceeding
0.3% 9-THC and THCa combined. Knowing which strata produces the highest concentrations
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of cannabinoids can assist producers and regulatory agencies to sample appropriately to ensure
the crop is harvested while remaining compliant.
Table 2.14. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Quick Kush’ hemp grown in field conditions in south Louisiana, June 2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
2.874 A
2.867 A
2.540 A
N.S.
CBDV
0.210 A
0.154 A
0.112 A
N.S.
CBDa
11.724 A
8.882 B
8.660 B
SIG. ≤ 0.05
THCa
1.559 A
1.458 A
1.206 A
N.S.
0.562 A
0.487 A
0.431 A
N.S.
9-THC
THCV
0.539 A
0.406 A
0.391 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
The concentrations of 9-THC, CBD and THCV increased from the top to the bottom
portions of the plant in ‘Stormy Daniels’, although not significant (Table 2.15).
Table 2.15. Cannabinoid concentration between plant locations (top, middle and bottom strata of
the entire plant) of ‘Stormy Daniels’ hemp grown in field conditions in south Louisiana, July
2020.
Cannabinoid

Top

Middle
Bottom
Significance
% dry weight
CBD
0.543 A
0.713 A
0.752 A
N.S.
CBDV
0.060 A
0.055 A
0.056 A
N.S.
CBDa
12.062 A
11.835 A
12.729 A
N.S.
THCa
0.653 A
0.632 A
0.683 A
N.S.
0.194 A
0.214 A
0.216 A
N.S.
9-THC
THCV
0.759 A
0.811 A
0.853 A
N.S.
Mean comparison across rows were completed by SAS 9.4 proc GLM and proc MIXED
ANOVA with Duncan post-hoc analysis at P ≤ 0.05. Means with the same letter do not differ at
the 5% significance level. (n=9).
Alternatively, CBDa and CBDV concentrations were highest in the top stratum the plant,
however were not significant. Opposite of ‘Quick Kush’, growers producing ‘Stormy Daniels’
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would benefit from samples taken from the top portion of the plant, as it is more likely they
would remain in compliance with federal laws. However, all portions of this plant were above
0.3% THC. To ensure hemp producers remain compliant, stratified sampling may be useful to
guide producers to harvest ‘Stormy Daniels’ in phases upon stratum maturity. Future studies
should evaluate stratified sampling throughout different stages of the flowering stage to be able
to determine an optimum harvest window for hemp.
All computations in chapter two of this thesis were performed in SAS 9.3 (SAS Institute
Inc., 2013).
2.3.6. Consideration of Louisiana Field-Grown Hemp
Various plant stressors occurred that may have affected the results, such as increased
rainfall, high temperatures, humid conditions and plant pathogens. Additionally, the plants may
have reached maturity at an earlier stage than when harvesting took place. The final harvest took
place on the 24th of November and the cooler temperatures may have altered plant growth and
development. Allowing the plants to grow in the field for an extended period of time may allow
the cannabinoid concentrations to continue develop for a longer duration than industry standards.
Future research should be conducted with increased environmental control to eliminate any
external factors from altering results while following specific timelines for vegetative and
reproductive growth. Future research should also include harvest intervals to determine the
optimal harvest window for decreased THC concentrations and an increase in the remaining
cannabinoids.
Due to the many setbacks throughout the duration of this trial, results do not point to a
specific cultivar that is well-adapted for south Louisiana. This is a novel crop and Louisiana’s
climate offers many challenges, such as excess rainfall and hurricanes that can damage fields and
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post-harvest facilities. Growers should be aware of these challenges, as Louisiana is faced with
annual environmental disasters. Further research in the field should increase the number of
replications to ensure each treatment can be accurately screened for sufficient productivity while
meeting legal requirements for industrial hemp.
Lastly, the characteristics of the field used in this study are important to consider. This
trial was conducted in a low-lying field with sub-par drainage. After a rain, water was visibly
directed into the field from surrounding areas. Although Louisiana historically receives high
amounts of rainfall, the field was not conducive to providing adequate drainage. Additionally,
the field had never been cultivated until this trial. After each tillage numerous amounts of trash,
metal pieces and other construction parts were found and had to be discarded. The
implementation of organic best management practices can take approximately five years before
seeing improvements in soil health and the surrounding agro-ecosystem (Crystal-Ornelas, 2021).
Louisiana producers should not be dissuaded by the results of this trial and should recognize the
importance choosing an optimum site location.
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CHAPTER 3. SCREENING 28 HEMP CULTIVARS FOR ANALYSIS OF
THE SEASONAL DEVELOPMENT AND STRATIFIED SAMPLING OF
CANNABINOIDS
3.1. Introduction
Industrial hemp (Cannabis sativa L.) plants are regulated by the USDA under the
Agricultural Improvement Act of 2018 and must fall below a threshold of 0.3%
tetrahydrocannabinol (THC) on a dry weight basis. Any samples found to exceed 0.3% THC are
classified as marijuana and subject to destruction and forfeiture of the crop. The USDA enforces
standard and performance-based sampling guidelines that are specified for field and indoor
sampling of hemp (U.S. Department of Agriculture, 2021). As per the Sampling Guidelines for
Hemp established in 2021, samples are collected to obtain specimens for the measurement of
total THC content, which determine whether the specimens are hemp or marijuana (U.S.
Department of Agriculture, 2021). The samples are intended to be representative of the total
THC content in a “lot” of hemp crop as specified by the producer (U.S. Department of
Agriculture, 2021). Producers may not harvest their crop until the hemp has been sampled for
THC concentration and must complete their harvest within 30 days of sampling. Since the THC
content of hemp generally peaks as the plant matures, the sample timing is important to
accurately measure total THC concentration and ensure compliance with the USDA hemp
production program (U.S. Department of Agriculture, 2021). The USDA hemp production
program mandates that all samples “must be collected from the flowering tops of the plant by
cutting the top five to eight inches from the ‘main stem’ (which includes the leaves and flowers),
‘terminal bud’ (located at the end of a stem)” or ‘central cola’ (cut stem that can develop into a
bud) of the flowering top of the plant” (U.S. Department of Agriculture, 2021).
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Although hemp producers have 30 days to harvest their crop after sampling, cannabinoids
can continue to develop throughout that time. Additionally, only the top portion of the plant is
sampled, which may not be representative of the cannabinoid concentrations throughout the
middle and lower potions of the plant. Until recently, there has been little documentation on
individual cannabinoid levels and how they develop throughout floral development. During the
development of this thesis, total cannabidiol (CBD) and THC levels were reported to reach their
peak 28 and 30 days after anthesis, respectively (Linder et al., 2021). Commercial hemp
producers may receive larger profits for crops that contain high levels of desirable cannabinoids
such as CBD or CBG due to reported benefits and high consumer demand. The identification of
an optimum harvest window is necessary to ensure desirable cannabinoids are at their highest
concentrations while THC levels remain compliant after regulatory sampling.
THC is found in hemp plants in the form of delta-9 tetrahydrocannabinolic acid (THCa).
THCa is the molecular precursor to THC, and is converted after exposure to heat or light (Grassi
and McPartland, 2017). To determine if a crop exceeds 0.3% THC, regulatory agencies combine
the concentration of THCa and  9-THC. Even if a crop has less than 0.3% 9-THC at the time
of harvest, once the hemp material is exposed to heat or light, THCa will undergo
decarboxylation and be converted into  9-THC, likely resulting in concentrations greater than
0.3% and subsequently exceeding regulatory guidelines.
The objective of this study was to assess the growth and characteristics of 28 cultivars of
essential oil-type hemp plants grown to full maturity. Floral tissue (bud) samples were collected
on a weekly basis to quantify the seasonal development of the major cannabinoids and acid
precursors CBDa, CBD, THCa, THCV and Δ 9-THC. The cannabinoid CBG was quantified only
in CBG-producing cultivars. The goal of this sampling was to identify an optimum harvest
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window for commercial hemp producers. Additional samples were collected to assess the
distribution of cannabinoids within the plant at the time of bud maturity. Defining potential
differences or similarities with the plant location will help solidify current sampling techniques
or potentially enhance regulatory sampling protocols.
3.2. Materials and Methodology
This project is a subset of a multistate trial lead by Kentucky State University: S1084.
However, additional data was collected for the development of this thesis. Twenty-eight cultivars
of essential oil-type hemp (C. sativa) were grown to full maturity in a greenhouse located at the
Plant Materials Center on the Central Research Station in Baton Rouge, Louisiana (30.3606107,
-91.1771971). The following cultivars were produced under identical growing conditions: Auto
CBG, Berry Blossom, Bubbatonic, Dr. Chunk, Forbidden Five, Fruity Petals, Hawaiian Haze,
Lady Lee, Lifter Seedless, Maverick, Motolius, Pipeline, Rincon, Rogue, Santiam, Sour Kush,
Sour Lifter, Sour RNA Seedless, Special Sauce, Sour Citron, Stem Cell CBG, Super Cinco,
Super Sour Space Candy, Truckoo, Umpqua, Valerie 29, White CBG and White CBG Seedless.
The six daylength-neutral cultivars were Auto CBG, Dr. Chunk, Maverick, Pipeline, Sour Citron
and Sour RNA Seedless, and the remaining cultivars were daylength-sensitive. Each cultivar was
replicated (n=5) for a total of five plants per cultivar.
Hemp plants were seeded into 4” cow pots (CowPots, LLC, East Canaan, Connecticut)
filled with FoxFarm Ocean Forest Potting Soil (FoxFarm Soil and Fertilizer Co., Arcada,
California) at a rate of one seed per pot. Irrigation was set to water for 30 second intervals every
hour from 06:00 to 18:00. Once the plants grew their first true leaves the transplants were
fertilized every other day with two fluid ounces of solution made with Miracle Gro WaterSoluble All-Purpose Plant Food (Scotts Miracle Gro Company, Marysville, Ohio) following the
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recommended application rate of 1 tablespoon per gallon of water. Twenty-eight days after
seeding, plants were transplanted into 5-gallon plastic nursery containers (Pro Cal Innovations
LLC, Alpena, Michigan) filled with Miracle-Gro Potting Mix (Scotts Miracle Gro Company,
Marysville, Ohio) and fitted with irrigation including spaghetti tubing emitters. Irrigation was set
to six times a day at three-minute intervals, with one hour and 30 minutes between each
watering. After two weeks, irrigation was increased to four-minute intervals to accommodate for
increased plant biomass. Plants were given structural support with 48-inch plastic garden stakes
(The Vigoro Corporation, Lake Forest, Illinois). Each plant received 5 oz of fertilizer solution
each week using Jack’s Nutrients fertilizer (15-0-0) at a rate of one tablespoon per gallon. Plants
were not pinched or pruned throughout the duration of this trial.
High pressure sodium lights were placed eight feet from the benchtop to extend the light
in the greenhouse to a photoperiod of 18:6. Twelve 1000-watt bulbs were on for 18 hours and off
for 6 hours. The lights were turned off two months after sowing seed to induce flower initiation.
The greenhouse was automatically programmed to heat at 21°C and cool at 28°C both day and
night year-round.
Plant height measurements and chlorophyll content readings were taken biweekly from
every replicate beginning the week of transplanting. Leaf chlorophyll content was measured
using a Konica Minolta SPAD meter (Nieuwegein, Netherlands). SPAD meter readings were
collected from a leaf growing at the third node from the top of the plant. Flower initiation data
was collected by recording the following dates for each cultivar: when at least one out of the five
plant replications began flower initiation and when all five replications began flower initiation.
Flower initiation was identified by stigma development (Figure 7). These dates were recorded to
assess the uniformity of flowering among cultivars (i.e., if all replicates began flowering at the
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same time). This is important because uniform flower initiation within cultivars leads to uniform
bud maturity and subsequently one ideal harvest window, which may be ideal for commercial
producers of hemp following rigorous production schedules.

Figure 7. Stigma Development Indicating Flower Initiation. Photo credit: Kaylee M. Deynzer.

Cannabinoid concentrations were analyzed from three to four weeks postanthesis to plant
senescence. Flower samples were collected weekly from 14 cultivars: Berry Blossom,
Bubbatonic, Forbidden Five, Fruity Petals, Hawaiian Haze, Lady Lee, Lifter Seedless, Rincon,
Rogue, Santiam, Sour Kush, Sour Lifter, Special Sauce and Truckoo. Samples were taken by
randomly selecting various locations of floral tissue from each of the five replicates to construct
one composite sample per cultivar per week. To screen for phenotypic variability among
cultivars, individual samples were collected from each plant from four randomly-chosen
cultivars: Berry Blossom, Fruity Petals, Lifter Seedless and Maverick. Each replicate was
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sampled separately, for a total of five samples per cultivar per week (n=5). Weekly sampling of
these individual plants resulted in the majority of bud tissue being removed throughout the
duration of this sampling phase. Subsequently, the cultivar replicates that were sampled
individually resulted in insufficient floral tissue for all essential laboratory processes in year one
of the study. In year two of this study, only compository samples were taken from all 17 cultivars
to ensure sufficient quantities of plant tissue biomass for laboratory processes such as drying,
measuring percent moisture content and extraction. Five to seven grams of floral tissue (fresh
weight) were collected in each sample in year two of the study to ensure sufficient quantities of
plant tissue for further laboratory analysis.
Stratified sampling took place to analyze the distribution of cannabinoids in the plant at
the time of harvest. Flower samples were collected from the following strata: the top, middle and
bottom portions of the plant (Figure 8). Individual plants of the following cultivars were sampled
for laboratory analysis: Berry Blossom, Fruity Petals, Lifter Seedless and Santium. All remaining
flowers were harvested and the dry weight was recorded as the total yield. Once dried to a
moisture content below 12% as per 2018 USDA Farm Bill protocol, the flowers were handtrimmed.
In year one of the greenhouse trial, flowers were dried on wire racks in ambient
temperatures for three days. In year two, the plant material was dried in a Shel Lab forced air
oven (Sheldon Manufacturing, INC, Cornelius, Oregon) at 55°C until plants reached a moisture
content of 12% or less, as per the 2018 USDA Farm Bill protocol. The drying protocol was
changed to ensure all samples were dried uniformly and to provide a replicable protocol for
future studies. Samples were immediately placed in a -80° C freezer to prevent cannabinoid
degradation until further analysis took place. Percent moisture content of each sample was
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quantified using the Mettler Toledo HC103 moisture analyzer (Mettler Toledo, LLC, Columbus,
Ohio) using the parameters listed in Table 3.1. Samples were ground, homogenized (size and
material) and distributed evenly on the sample pan prior to moisture analysis.

Top

Middle

Bottom

Figure 8. Stratified sampling of hemp plant. Photo credit: Kaylee M. Deynzer.

Dried plant tissue was ground with a Magic Bullet blender appliance (Homeland
Housewares, LLC, Los Angeles, CA) and extracted according to the Louisiana Department of
Agriculture and Forestry (LDAF) hemp extraction protocol. The LDAF protocol consisted of
adding 200 mg ± 0.5 mg of freeze-dried tissue to a 50 mL plastic centrifuge tube (Corning
430828) to which 25 mL of HPLC grade methanol was added. The mixture was vortexed for one
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minute (min) and sonicated for 15 min, stopping to vortex for one min per five min of sonication.
The mixture was then centrifuged for 5 min at 1230 G. A portion of the supernatant was filtered
into a 15 mL centrifuge tube (Corning 430790) using a 0. 2 μm polyvinylidene difluoride
(PVDF) syringe filter (Whatman 6873-2502). The filtered supernatant was then diluted at a ratio
of 1:10 with 25% HPLC grade water/75% 0.1% formic acid and placed into autosampler vials.
Table 3.1. Mettler Toledo HC103 moisture analyzer parameters used during the quantification of
percent moisture content of dried hemp bud grown in south Louisiana.
Parameter

Specification

Drying Program

Standard

Drying Program

60°C

Switch Off Criteria

5 (1mg/140s)

Switch Off Criteria

% MC

Start Weight

0.500 g

Start Weight Tolerance

10%

Analysis of the cannabinoids CBD, CBDV, CBDa, CBG,  9-THC, THVa and THCV
was performed with Dionex ICS-3000 system, which includes Dionex Ultimate 3000 pump,
Ultimate 3000 Autosampler, Ultimate 3000 column compartment and Ultimate 3000 Photodiode
Array Detector which were controlled by Chromeleon 6.8 software. The samples were separated
on a Waters Cortecs T3 column with the mobile phase of 58% acetonitrile containing 0.1%
formic acid (B) in 0.1% formic acid in water (A) at 38 °C. The mobile phase gradient used
during the separation of the solutes is shown in table 3.2. The flow rate was 1.0 ml/min with a
detection wavelength at 228 nm. Injection volume was 20 μl.
Samples were prepared by mixing 100 μl of the sample extract solution with 600 μl of the
mobile phase (58% acetonitrile in water containing 0.1% formic acid). The standard stock
solution contained CBDa at the concentration of 200 μg/mL and THCV, CBG, 9-THC, 8-THC
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and 9-THCa at the concentration of 20 ug/mL. The calibration curve was created by a series of
different concentrations made from 200/20 ug/mL to 100/10, 50/5.0, 25/2.5, 12.5/1.25 and
6.25/0.625 ug/mL.

Table 3.2. High-Performance Liquid Chromatography mobile phase gradient during the
separation of hemp solutes for the quantification of cannabinoids.
Time (min.)

Mobile Phase A (0.1% formic

Mobile Phase B (0.1% formic

acid in water)

acid)

0.0

42

58

15.0

42

58

16.0

5

95

19.0

5

95

19.2

42

58

23.0

42

58

Data were analyzed with the statistical program RStudio (RStudio, PBC, Boston,
Massachusetts).
3.3. Results and Discussion
3.3.1. Setbacks of the Study
In year one of the greenhouse trial, despite irrigation being uniformly automated,
inadequate water pressure was maintained. As a result, some of the replicates did not receive
adequate water and yields were significantly reduced. These plants were excluded from analysis
as outliers. In year two of this trial, a water pipe burst in the green house over the weekend
leaving the young seedlings without irrigation for three to four days. As a result, some of the
transplants suffered from inadequate water and did not recover beyond their permanent wilting
point. The trial was conducted with less than 5 replicates (reps) for the following cultivars:
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Forbidden Five (3 reps), Motolius (3 reps), Truckoo (4 reps) and Rogue (4 reps). The remaining
cultivars had a sufficient number of reps (n=5).
3.3.2. Flower Initiation Results
Flower initiation data was collected by recording the following dates for each cultivar:
when at least one of five plant replications began flower initiation and when all five replications
began flower initiation (Table 3.3). These dates were recorded to assess the uniformity of
flowering among cultivars (i.e., if all replicates began flowering at the same time). The first
cultivar to begin flowering was assigned as ‘week 1’ of flowering, with all other cultivars
assigned to the corresponding week thereafter. The daylength-neutral or auto-flowering cultivars
(Auto CBG, Dr. Chunk, Maverick, Sour Citron and Sour RNA Seedless) were the first to begin
flower initiation. In both years, these cultivars began flowering while the receiving 18 hours of
daylight and 6 hours of dark. All cultivars had uniform initiation dates, with the exception of Dr.
Chunk and Sour Citron. Both of these cultivars had at least one replicate begin flower initiation,
but required an additional week before all replicates entered into the reproductive phase. The
remaining cultivars had a uniform flowering-response to the change in photoperiod as the
daylength decreased. All daylength-sensitive cultivars began flowering in week 7 with the
exception of Motolius, Rincon and Special Sauce, which had a shorter response time to changes
in photoperiod.
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Table 3.3. Flower initiation dates for Louisiana-grown greenhouse essential oil-type hemp
cultivars, 2021-2022 average.
Cultivar

Auto CBG
Berry Blossom
Bubbatonic
Dr. Chunk
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Motolius
Pipeline
Rincon
Rogue
Santium
Sour Citron
Sour Kush
Sour Lifter
Sour RNA Seedless
Special Sauce
Stem Cell CBG
Super Cinco
Super Sour Space Candy
Truckoo
Umpqua
Valerie Twenty-Nine
White CBG
White CBG Seedless

Date of flower initiation on at
least 1 of 5 replicated plants
(number of weeks after
transplanting)
1
7
7
2
7
7
7
7
7
1
5
1
3
7
7
1
7
7
1
6
7
7
7
7
7
7
7
7
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Date of flower initiation on all 5
replicated plants (number of
weeks after transplanting)
1
7
7
3
7
7
7
7
7
1
5
1
3
7
7
2
7
7
1
6
7
7
7
7
7
7
7
7

3.3.3. Leaf Chlorophyll Content Results
Leaf chlorophyll content did not differ between most cultivars (Table 3.4). The cultivars
with the highest chlorophyll content or SPAD readings were Bubbatonic (117.37), Hawaiian
Haze (111.64) and Special Sauce (125.65). The lack of differences in most of the cultivars’
chlorophyll content were likely because all readings were collected at the same time. SPAD
differences are generally noticed when taken within the same plant but at different stages of
growth, such as the vegetative and reproductive phases of growth. What is interesting, is that
SPAD readings in corn tend to correlate with total grain yield (Kandel, 2020). In this study, we
see differences in yield but not many differences in SPAD readings (Table 3.4). Lack of
differences may be explained by the fact that all hemp plants in this study were grown in a highly
controlled environmental climate. The greenhouse average temperature range was 21°C to 28°C,
irrigation was automated and fertilization was consistent among all plants. This is very different
from field trials, where changes in soil structure, soil fertility, drainage and even environmental
factors such as amount of rain, wind and relative humidity take place.
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Table 3.4. Average leaf chlorophyll content (SPAD value) of greenhouse-grown essential oiltype hemp plants by cultivar, with combined years (2020 and 2021), including Tukey groups.
Cultivar
Chlorophyll Content (SPAD value)
Significance
Auto CBG
42.31
A
Berry Blossom
52.12
A
Bubbatonic
117.37
B
Dr. Chunk
41.57
A
Forbidden Five
46.12
A
Fruity Petals
62.15
A
Hawaiian Haze
111.64
B
Lady Lee
49.64
A
Lifter Seedless
67.31
A
Maverick
46.94
A
Motolius
53.74
A
Pipeline
48.94
A
Rincon
33.95
A
Rogue
57.18
A
Santium
66.99
A
Sour Citron
56.21
A
Sour Kush
56.03
A
Sour Lifter
66.71
A
Sour RNA Seedless
82.42
A
Special Sauce
125.65
B
Stem Cell CBG
55.65
A
Super Cinco
55.23
A
Super Sour Space Candy
55.22
A
Truckoo
63.31
A
Umpqua
67.91
A
Valerie Twenty-Nine
48.85
A
White CBG
54.58
A
White CBG Seedless
66.84
A
A General Linear Model with Mixed Effects (GLMMX) was implemented in R (using RStudio
and the package lme) to compare the mean SPAD value for the various Cultivars (fixed effect),
with the variable “Year” being considered as a random effect. This was followed by a Tukey
post-hoc analysis at |p|<0.05. (n=5).
3.3.4. Final Plant Height Results
Despite SPAD readings being similar in most cultivars, the final heights of the plants
were significantly different among hemp cultivars grown in greenhouse conditions. Table 3.5
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displays these differences and shows that the cultivar type effects the final height of hemp plants
at p= 2.2e-16.
Table 3.5. Average final height of greenhouse-grown essential oil-type hemp by cultivar, with
combined years (2020 and 2021), including Tukey groups.
Cultivar
Final height (in)
Significance
Auto CBG
13.93
A
Sour Citron
17.57
A
Maverick
23.0
AB
Pipeline
21.31
AB
Sour RNA Seedless
22.4
AB
Dr. Chunk
29.94
BC
Valerie Twenty-Nine
34.7
CD
Rincon
36.33
CDE
Berry Blossom
37.58
CDEF
Fruity Petals
37.0
CDEF
Lady Lee
39.08
CDEF
Rogue
38.78
CDEF
Special Sauce
38.55
CDEF
Super Cinco
37.5
CDEF
Stem Cell CBG
39.85
DEFG
Umpqua
40.23
DEFG
Bubbatonic
42.7
DEFGH
Forbidden Five
40.47
DEFGH
Hawaiian Haze
43.55
DEFGH
Motolius
40.56
DEFGH
Santium
43.15
DEFGH
Sour Kush
42.25
DEFGH
Sour Lifter
43.25
DEFGH
Super Sour Space Candy
42.33
DEFGH
White CBG Seedless
45.33
EFGH
White CBG
45.81
FGH
Lifter Seedless
48.53
GH
Truckoo
50.17
H
A General Linear Model with Mixed Effects (GLMMX) was implemented in R (using RStudio
and the package lme) to compare the mean plant height for the various Cultivars (fixed effect),
with the variable “Year” being considered as a random effect. This was followed by a Tukey
post-hoc analysis at |p|<0.05. (n=5).
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The daylength-neutral cultivars (Auto CBG, Dr. Chunk, Maverick, Pipeline and Sour
RNA Seedless) were among the shortest in height. The two shortest cultivars in the study were
Auto CBG and Sour Citron. ‘Maverick’, ‘Pipeline’ and ‘Sour RNA Seedless’ were also shorter
than the remaining cultivars grown in this greenhouse study. The differences in vertical growth
may be explained by the shorter period of vegetative growth these plants naturally receive
compared to the remaining daylength-sensitive cultivars. The tallest average hemp plants were
‘White CBG’, ‘Lifter Seedless’ and ‘Truckoo’. The vast majority of hemp cultivars, including
Dr. Chunk, Valerie Twenty-Nine, Rincon, Berry Blossom, Fruity Petals, Lady Lee, Rogue,
Special Sauce, Super Cinco, Stem Cell CBG, Umpqua, Bubbatonic, Forbidden Five, Hawaiian
Haze, Motolius, Santium, Sour Kush, Super Sour Space Candy and White CBG Seedless, had no
difference in average height of plants grown in the greenhouse.
3.3.5. Cultivar Yield Results
The cultivar type has an effect on the final bud weight or yield at p= 1.112e-11 (Table
3.6). Umpqua was the highest-yielding amongst all 28 cultivars. The total yields of ‘Sour Lifter’,
‘Lifter Seedless’ and ‘White CBG Seedless’ ranked second, third and fourth, respectively. The
following cultivars produced respectable yields: Forbidden Five, Hawaiian Haze, Rogue, Special
Sauce, Super Cinco, Truckoo, Valerie Twenty-Nine and White CBG.
The lowest-yielding cultivars were Auto CBG, Berry Blossom, Sour Citron, Sour RNA
Seedless, Fruity Petals, Lady Lee, Maverick and Rincon. There are a few considerations to note
with respect to these low-yielding cultivars. Daylength-neutral cultivars (Auto CBG, Maverick,
Sour Citron and Sour RNA Seedless) began flowering four weeks before daylength-sensitive
cultivars. Reducing vegetative growth by one month can subsequently reduce yields, however
these cultivars required less production time which can be beneficial for producers looking for a
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crop with a shorter production period. Pipeline was the highest-yielding daylength-neutral
cultivar in this study, and may be recommended to producers
Table 3.6. Average bud weight of greenhouse-grown essential oil-type hemp by cultivar, with
combined years (2020 and 2021), including Tukey groups.
Cultivar
Bud Weight (g)
Significance
Auto CBG
8.53 A
A
Berry Blossom
7.76 A
A
Sour RNA Seedless
9.56
A
Fruity Petals
11.98
AB
Lady Lee
13.56
ABC
Maverick
13.63
ABC
Rincon
12.92
ABC
Bubbatonic
18.6
ABCD
Motolius
18.86
ABCD
Pipeline
16.7
ABCD
Santium
19.74
ABCD
Sour Citron
10.09
ABCD
Sour Kush
18.62
ABCD
Stem Cell CBG
20.18
ABCD
Super Sour Space Candy
17.6
ABCD
Forbidden Five
22.82
ABCDE
Hawaiian Haze
22.73
ABCDE
Rogue
25.22
ABCDE
Special Sauce
25.22
ABCDE
Super Cinco
24.38
ABCDE
Truckoo
25.7
ABCDE
Valerie Twenty-Nine
25.58
ABCDE
White CBG
28.7
ABCDE
White CBG Seedless
32.26
BCDE
Lifter Seedless
32.76
CDE
Sour Lifter
35.94
DE
Umpqua
42.88
E
A General Linear Model with Mixed Effects (GLMMX) was implemented in R (using RStudio
and the package lme) to compare the mean bud weight for the various Cultivars (fixed effect),
with the variable “Year” being considered as a random effect. This was followed by a Tukey
post-hoc analysis at |p|<0.05. (n=5). (n=5).
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It is important to note that the cultivars selected for stratified sampling (Berry Blossom,
Fruity Petals, Lifter Seedless and Santium) had greater amounts of floral tissue removed
throughout the duration of this study. As a result, these cultivars would have higher yields than
accounted for in the data (approximately 21–28g) had the stratified sampling not taken place.
Despite the excessive sampling, Lifter Seedless was the third highest-yielding cultivar.
Unfortunately, Maverick had many replications infected with fusarium head blight (Fusarium
oxysporum) in both years of this trial, which likely effected plant growth and subsequently
yields.
3.3.6. Final Height and Yield Correlation
A linear regression was used to determine the correlation between the final height and
yield among all cultivars combined (Figure 9). The correlation coefficient between them was
0.5126, and the corresponding linear regression equation was:
Weight=FinalHeight*0.54399+1.38445+epsilon. The Analysis of Variance (ANOVA) table was
as follows: F(1, 145) = 51.712, p = 3.156e-11, with a corresponding R squared value 0.2628 and
root Mean Square Error of 9.980089. The coefficient of the final height implies that the linear
regression might be a good model for the interaction between final height and bud weight of
hemp plants. The three tallest cultivars were Lifter Seedless, White CBG and Truckoo, and the
cultivars with the three highest yields were Lifter Seedless, Sour Lifter and Umpqua. White CBG
and Truckoo were also among the higher-yielding cultivars, further indicating that the final
height and yield of cultivars are positively correlated. The three shortest cultivars were Auto
CBG, Sour Citron and Maverick, while the three cultivars with the lowest yields were Auto
CBG, Berry Blossom and Sour RNA Seedless.
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Final Height (inches)

Bud Weight (grams)
Figure 9. Linear regression between the final height (inches) and bud weight (grams) of
greenhouse grown hemp plants in south Louisiana with combined years (2020 and 2021). A
General Linear Model was used by R and RStudio to compare the means among Cultivars using
Final Height, Bud Weight and their interactions as a fixed effect, with a Tukey post-hoc analysis
at |p|<0.05.
In addition to the linear regression model, a linear regression analysis was conducted by
cultivars, although the results suffered from small number of replicates (n=5). The corresponding
graph is found in in Figure 10. Future research should increase the number of replicates, though
it might require decreasing the number of cultivars evaluated in the study if space is a limiting
factor.
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Linear regression between Final Height and Bud Weight by Variety
AutoCBG

BerryBlossom

Bubbatonic

ForbiddenFive

FruityPetals

HawaiianHaze

LadyLee

LifterSeedless

Maverick

Motolius

Pipeline

Rincon

Rogue

Santiam

SourCitron

SourKush

SourLifter

SourRNASeedless

SpecialSauce

StemCellCBG

SuperCinco

SuperSourSpaceCandy

Truckoo

Umpqua

ValerieTwentyNine

WhiteCBG

WhiteCBGSeedless

100
75
50
25
0
−25

100
75
50

0
−25

100

Final Height

Final Height (inches)

25

75
50
25
0
−25

100
75
50
25
0
−25
20

40

60

20

40

60

20

40

60

100
75
50
25
0
−25
20

40

60

20

40

60

20

40

60

Bud Weight

Bud Weight (grams)
Figure 10. Linear regression analysis between the final height (inches) and bud weight (grams)
of greenhouse grown hemp plants in south Louisiana with combined years (2020 and 2021). A
General Linear Model was used by R and RStudio to compare the means among Cultivars using
Final Height, Bud Weight and their interactions as a fixed effect, with a Tukey post-hoc analysis
at |p|<0.05.
3.3.7. Weekly Cannabinoid Development Results
Individual cannabinoid concentrations were quantified on a weekly basis for each cultivar
during the flowering stage in both years one and two of this study and can be found in Figures
13–19. Due to the high number of repetitions that are required for the type of statistical analysis
this project requires, significant differences were unable to be generated as a result of insufficient
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repetitions (n=5) for the high number of cultivars in this study (n=16), amount of bud tissue
required for sampling and spatial limitations in the greenhouse. However, the cannabinoid
concentrations were quantified and can be compared through the time series (Figures 11–17).
CBDa had a positive increase throughout the flowering period in ‘Bubbatonic’,
‘Forbidden Five’, ‘Fruity Petals’, ‘Hawaiian Haze’, ‘Lifter Seedless’, ‘Rogue’, ‘Sour Kush’,
‘Sour Lifter’ and ‘Special Sauce’ (Figure 11).
Average CBDa By Weeks for various Years by cultivars
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Figure 11. Average CBDa content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
This can guide producers that are wanting to increase the CBDa content in their product
to increase the duration of the flowering stage, so long as the plants do not exceed 0.3% THC
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(Figure 16). The concentration of CBDa in ‘Berry Blossom’, ‘Lady Lee’ and ‘Truckoo’
gradually increased every week and then decreased in the final week of sampling (weeks four,
five and four, respectively). Producers growing these cultivars should be mindful of the number
of weeks postanthesis to ensure high levels of desirable cannabinoids remain present in the plant.
Auto CBG had the lowest concentration of CBDa, which reflects that this cultivar is produced
for its high concentration of CBG. Cultivars grown for CBD production will tend to have higher
concentrations of CBDa as CBDa is the acid form and precursor to CBD. The final concentration
of CBDa was higher in year one than in year two for all cultivars except Rincon, Maverick and
Santium. This may be the result of inconsistent sampling periods in years one and two of this
study. Although stigma initiation was used as an indicator for anthesis, the stage of stigma
development can be subjective, and may vary among individual plants. Future studies should use
a quantifiable indicator to ensure accurate and replicable sampling periods.
The concentration of CBD in year one of this study remained below 2.5% and increased
in concentration gradually throughout the flowering period in ‘Berry Blossom’, ‘Bubbatonic’,
‘Forbidden Five’, ‘Fruity Petals’, ‘Hawaiian Haze’, ‘Lady Lee’, ‘Lifter Seedless’, ‘Maverick’,
‘Rogue’, ‘Santium’, ‘Sour Lifter’, ‘Special Sauce’ and ‘Truckoo’ (Figure 12). ‘Rincon’ had
several fluctuations in CBD concentration throughout the sampling period in year one, yet
remained consistent in year two. The CBD concentration in ‘Auto CBG’ increased from 0 to 9%
between weeks three and five, but due to laboratory impediments no data was collected on ‘Auto
CBG’ in year two.
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Average CBD By Weeks for various Years by cultivars
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Figure 12. Average CBD content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
The concentration of CBDV gradually increased throughout the flowering period, during
both years, for all cultivars except Forbidden Five (Figure 13). In year two of this study, the
CBDV concentration in ‘Forbidden Five’ increased from 1.2% to 2% in one week, then
gradually decreased in the final two weeks of flowering. These trends demonstrate that as time
increases, so does the cannabinoid concentration.
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Average CBDV By Weeks for various Years by cultivars
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Figure 13. Average CBDV content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
The concentration of THCa gradually increased throughout the flowering period in
‘Berry Blossom’, ‘Bubbatonic’, ‘Forbidden Five’, ‘Fruity Petals’, ‘Hawaiian Haze’, ‘Lady Lee’,
‘Lifter Seedless’, ‘Rogue’, ‘Santium’, ‘Sour Lifter’ and ‘Special Sauce’ (Figure 14). This
cannabinoid gradually increased each week in ‘Sour Kush’ and ‘Truckoo’ and then decreased in
the final week of flowering. The concentration of THCa in ‘Rincon’ was highly variable during
year one of this study. THCa increased from < 0.1% to 0.6% between weeks one and three, then
decreased to 0.15% by week six before increasing to 0.2% in week 8 of the flowering period.
‘Lifter Seedless’, ‘Hawaiian Haze’, ‘Lady Lee’, ‘Rincon’ and ‘Special Sauce’ exceeded 0.3%
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THCa in at least one year of this trial. Based on these results, these cultivars must be harvested
between weeks two and four of flowering in order to remain compliant under federal law.
Average THCa By Weeks for various Years by cultivars
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Figure 14. Average THCa content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
In year one of this study, the  9-THC concentration did not exceed 0.3% throughout the
duration of the flowering period in all cultivars except Fruity Petals, Lifter Seedless and Sour
Kush. However, compliancy is determined by combining the concentration of THCa and  9THC, and cannot be solely identified by  9-THC alone. The concentration of  9-THC had
similar developmental patterns during the flowering period in ‘Berry Blossom’, ‘Bubbatonic’,
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‘Forbidden Five’, ‘Fruity Petals’, ‘Hawaiian Haze’, ‘Lady Lee’, ‘Lifter Seedless’, ‘Rogue’,
‘Santium’, ‘Sour Kush’, ‘Sour Lifter’, ‘Special Sauce’ and ‘Truckoo’ (Figure 16). This
information displays stable  9-THC concentrations in the previously stated cultivars, with a
slight increase in concentration from week to week.
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Figure 15. Average  9-THC content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022 Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
This information can guide producers to harvest their crop before it exceeds 0.3%  9THC; once it exceeds that threshold, the concentration of this cannabinoid will not likely
decrease. However, in certain cultivars, such as Rincon, the concentration of  9-THC may vary
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from week to week and cannot be accurately estimated by week. Rincon also produced similar
developmental patterns of the cannabinoid THCa (Figure 14), which is the molecular precursor
to  9-THC. Producers that decide to grow cultivars with unpredictable THCa and  9-THC
concentrations should sample their crop on a weekly basis to ensure the hemp crop is harvested
while remaining compliant with the federal law.
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Figure 16. Average THCV content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
The concentration of THCV gradually increased throughout the flowering period in
‘Berry Blossom’, ‘Bubbatonic’, ‘Forbidden Five’, ‘Fruity Petals’, ‘Hawaiian Haze’, ‘Lady Lee’,
‘Lifter Seedless’, ‘Maverick’, ‘Rincon’, ‘Rogue’, ‘Santium’, ‘Sour Kush’, ‘Sour Lifter’ and
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‘Truckoo (Figure 16). The concentrations of THCV in ‘Auto CBG’ and ‘Special Sauce’ had a
different developmental pattern than the other cultivars. Although most cultivars had similar
THCV developmental patterns, this cannabinoid is not quantified when determining compliancy.
The concentration of CBG gradually increased on a weekly basis in ‘Auto CBG’ and
‘Sour Kush’ (Figure 17).
Average CBG By Weeks for various Years by cultivars
Auto CBG

BerryBlossom

HawaiianHaze

Santium

SourKush

SpecialSauce

3

2

1

0

3

Year

CBG

2

1
2
1

0
1

Truckoo

2

3

4

5

1

2

3

4

5

3

2

1

0
1

2

3

4

5

Week

Figure 17. Average CBG content (% dry weight) by week of various essential oil-type hemp
cultivars grown in the greenhouse across two consecutive years (2021 and 2022). Weekly
progression made with R and RStudio using a timeseries graph, for different years when
appropriate.
‘Berry Blossom’ and ‘Special Sauce’ display varying concentrations of CBG from week
to week, while the concentration of this cannabinoid decreased in ‘Truckoo’. The concentration
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of CBG was undetectable in ‘Hawaiian Haze’ in most weeks during the flowering period with
the exception of week three, when it reached >1% CBG.
The development of most cannabinoids can be highly variable within cultivars. However,
certain cannabinoids (such as THCa and CBDa) that are the molecular precursors of the
converted forms ( 9-THC and CBD) display similar developmental patterns throughout the
flowering period (Figures 11 and 15). Furthermore, THCa and  9-THC concentrations gradually
increased with time. Producers should sample their hemp lot throughout the flowering period to
ensure desirable cannabinoids are at sufficient concentrations while THC levels remain
compliant.
3.3.8. Final Cannabinoid Concentration Results
Due to the high number of repetitions that are required for the type of statistical analysis
this project requires, significant differences were unable to be generated for final cannabinoid
concentrations. Insufficient repetitions (n ≤ 5) in this study resulted from the large number of
cultivars (n=16) evaluated and spatial limitations in the greenhouse to accommodate the
appropriate amount of repetitions for each cultivar. Despite lack of statistical differences in
cannabinoid concentrations, producers and industry personnel will benefit from the data in this
study. In the hemp industry, a 3% variation in cannabinoid concentration is important to
producers, regulation agencies, processors and buyers (personal correspondence with hemp
producers at the ASHS 2021 national conference). It is important to note that any cannabinoid
concentration level of ‘0’ does not mean than the cannabinoid is not present in the plant; it
simply signifies that the concentration was below detectable concentrations. Tables 3.7–3.12
display the final cannabinoid concentrations in individual cultivars tested in this project.
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Although not significant, ‘Berry Blossom’ had the highest final concentration of CBDa
(13.900%) in year one of the study, followed by ‘Fruity Petals’ (12.332%), ‘Hawaiian Haze’
(10.290%) and ‘Special Sauce’ (8.829%) (Table 3.7). In year two, ‘Sour Kush’ (7.710%),
‘Hawaiian Haze’ (6.629%), ‘Fruity Petals’ (5.358%) and ‘Maverick’ (5.196%) had the highest
concentrations of this cannabinoid. The cultivars with the lowest concentration of CBDa,
although not significant, were Auto CBG (years one and two), Sour Kush (year one), Santium
(years one and two), Forbidden Five (years one and two) and Maverick (year one).
Table 3.7. Average final concentration of CBDa in mature essential oil-type hemp cultivars
grown in the greenhouse across two consecutive years (2021 and 2022).
Concentration of CBDa (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

2.210
13.900
6.632
2.943
12.332
10.29
7.124
5.183
2.370
3.357
5.902
2.079
0.014
6.254
8.829
7.262

0
4.690
4.342
2.278
5.358
6.629
4.579
3.727
5.196
4.600
3.624
3.279
7.710
3.727
1.725
3.433

The average concentration of CBDa in year one (6.042%), although not significant, was
39% higher than the average concentration in year two (4.056%) of this study. This may be the
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result of inconsistent sampling periods in years one and two of this study. Future studies should
use a quantifiable indicator to ensure accurate and replicable sampling periods.
Although not significant, ‘Lifter Seedless’ had the highest final concentration of CBD
(6.327%) in year one of the study, followed by ‘Sour Kush’ (5.952%) and ‘Fruity Petals’
(5.952%) (Table 3.8). In year two, ‘Fruity Petals (5.952%), ‘Hawaiian Haze’ (8.764%) and
‘Lady Lee’ (8.129%) had the highest concentration of this cannabinoid. The cultivars with the
lowest concentration of CBDa, although not significantly, were Auto CBG (years one and two),
Forbidden Five (year one), Maverick (years one and two) and Santium (year one).
Table 3.8. Average final concentration of CBD in mature essential oil-type hemp cultivars grown
in the greenhouse across two consecutive years (2021 and 2022).
Concentration of CBD (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

0.020
0.350
0.405
0.104
5.952
0.432
0.371
6.327
0.195
4.100
0.291
0.127
5.952
0.265
0.465
0.293

0
5.934
5.385
2.026
9.321
8.764
8.129
6.041
0.434
0.265
5.979
4.576
0.307
6.041
2.640
4.690

The average concentration of CBD in year two (4.4%) was 93% higher than the average
concentration in year one (1.603%) of this study. This may be the result of inconsistent sampling
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periods in years one and two of this study. Future studies should use a quantifiable indicator to
ensure accurate and replicable sampling periods.
The average final concentration of THCa in years one (0.189%) and year two (0.194%)
of this study, although not significant, had only a 2.6% difference (Table 3.9). In year one, Berry
Blossom (0.340%) and Hawaiian Haze (0.316%) were the only cultivars to exceed 0.3% THCa.
In year two, Hawaiian Haze (0.305%) and Lady Lee (0.441%) were the only cultivars to exceed
0.3% THCa. Based on the time series results (Figure 14), ‘Hawaiian Haze’ should be harvested
by week three of the flowering period before this cannabinoid exceeds the compliancy threshold.

Table 3.9. Average final concentration of THCa in mature essential oil-type hemp cultivars
grown in the greenhouse across two consecutive years (2021 and 2022).
Concentration of THCa (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

0.070
0.340
0.183
0.082
0.235
0.316
0.185
0.208
0.069
0.224
0.175
0.077
0.235
0.179
0.256
0.202

0
0.205
0.270
0.078
0.262
0.305
0.441
0.166
0.165
0.135
0.192
0.139
0.211
0.166
0.234
0.144

However, compliancy is determined by combining the concentration of THCa and  9THC, and cannot be solely identified by THCa alone. The cultivars with the lowest concentration
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of THCa in both years, although not significant, were Auto CBG, Forbidden Five, Maverick and
Santium. These cultivars should be evaluated further to see if different environmental conditions
effect the concentration of this cannabinoid in the plant.
The average final concentration of  9-THC in year one (0.126%), although not
significant, was 97% lower than the average concentration in year two (0.367%) of this study
(Table 3.10). In year one, all cultivars remained compliant and did not exceed 0.3%  9-THC
with the exception of Fruity Petals (0.526%), Lifter Seedless (0.525%) and Sour Kush (0.526%).
Table 3.10. Average final concentration of  9-THC in mature essential oil-type hemp cultivars
grown in the greenhouse across two consecutive years (2021 and 2022).
Concentration of  9-THC (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

0
0
0
0
0.526
0.032
0.031
0.525
0
0.292
0
0
0.526
0.027
0.027
0.03

0
0.515
0.432
0.168
0.771
0.784
0.568
0.500
0.043
0.052
0.499
0.365
0
0.500
0.340
0.349

Figure 15. displays the weekly development of  9-THC in these cultivars and can be
used as a resource identify optimum harvest windows to remain compliant. However,
compliancy is determined by combining the concentration of THCa and  9-THC, and cannot be
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solely identified by  9-THC alone. In year one, ‘Fruity Petals’ and ‘Lifter Seedless’ should have
been harvested 1–2 weeks earlier, and Sour Kush should have been harvested one week earlier to
remain compliant (Figure 15). In year two, several cultivars exceeded the 0.3% THC threshold,
including Berry blossom, Bubbatonic, Fruity Petals, Hawaiian Haze, Lady Lee, Lifter Seedless,
Rogue, Santium, Sour Lifter, Special Sauce and Truckoo. Despite Berry Blossom’s optimal
growth, this cultivar was uncompliant and exceeded 0.3% THC both in the field and greenhouse.
Producers wanting to grow ‘Berry Blossom’ should harvest this cultivar several weeks earlier to
ensure it remains compliant. Figure 15 displays that all of these cultivars had  9-THC
concentrations that exceeded 0.3% for several weeks during the flowering period. These cultivars
should be re-evaluated to ensure compliancy can take place on a commercial scale. Several
cultivars in years one and two of this study had undetectable concentrations of this cannabinoid
(denoted by ‘0’), including Auto CBG (years one and two), Berry Blossom (year one),
Bubbatonic (year one), Forbidden Five (year one), Maverick (year one), Rouge (year one),
Santium (year one) and Sour Kush (year two). These remaining cultivars should be evaluated
further to see if different environmental conditions effect the concentration of this cannabinoid in
the plant.
The average final concentration of THCV in year one (1.806%) of this study was 29%
higher, although not significantly, than the concentration in year two (1.348%) (Table 3.11).
Although not significantly, ‘Special Sauce’ had the highest final concentration of THCV in year
one of the study (15.103%) followed by ‘Fruity Petals’ (4.128%) and ‘Sour Kush’ (4.128%).
These cultivars would be suitable for holistic products specializing in high concentrations of
THCV. The cultivars with the lowest concentration of THCV, although not significantly, were
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Rincon (years one and two), Maverick (year one) and Rogue (year two). The remaining cultivars
in this greenhouse study and similar concentrations of THCV in the hemp flower.
Table 3.11. Average final concentration of THCV in mature essential oil-type hemp cultivars
grown in the greenhouse across two consecutive years (2021 and 2022).
Concentration of THCV (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

0.340
2.080
1.585
0.978
4.128
2.479
1.397
0.607
0.281
0.271
2.545
3.442
4.128
1.796
1.602
1.249

0
1.288
0.657
0.652
0.432
1.508
0.627
0.704
0.943
0.321
0.350
0.265
1.256
0.704
15.103
0.807

The cannabinoid CBG was only detectable in ‘Berry Blossom’ (year two), ‘Fruity Petals’
(year one), Sour Kush (year one) and Special Sauce (year two) (Table 3.12). Of these cultivars,
Fruity Petals (0.900) and Sour Kush (0.900) had the highest concentration of this cannabinoid,
although not significantly. Surprisingly, Auto CBG, a cultivar known for producing high
concentrations of CBG, did not contain detectable concentrations of this cannabinoid in either
year of this greenhouse study. Future research should assess the development of this cannabinoid
and the appropriate extraction and quantification processes specific to CBG. The remaining
cultivars in this study were high-CBD producing cultivars, and thus did not contain detectable
concentrations of CBG.
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Table 3.12. Average final concentration of CBG in mature essential oil-type hemp cultivars
grown in the greenhouse across two consecutive years (2021 and 2022).
Concentration of CBG (% dry weight)
Cultivar

Year 1

Year 2

Auto CBG
Berry Blossom
Bubbatonic
Forbidden Five
Fruity Petals
Hawaiian Haze
Lady Lee
Lifter Seedless
Maverick
Rincon
Rogue
Santium
Sour Kush
Sour Lifter
Special Sauce
Truckoo

0
0
0
0
0.900
0
0
0
0
0
0
0
0.900
0
0
0

0
0.387
0
0
0
0
0
0
0
0
0
0
0
0
1.676
0

3.3.9. Cannabinoid Concentration by Plant Location Results
Figure 18. displays the final concentrations of CBD, CBDa, CBDV, Δ9-THC and THCV
between plant locations (top, middle and bottom strata of the entire plant) of ‘Berry Blossom’
hemp grown in the greenhouse. In both years one and two, the concentrations of all cannabinoids
were significantly the same in the top, middle and bottom portions of the plant. These results also
reflect the results in chapter two of this thesis, when stratified sampling took place in ‘Berry
Blossom’ produced outdoors (Table 2.7). Based on the results in both the field and greenhouse
study, stratified sampling need not be a component of regulatory sampling protocols for THC
compliancy and the maximizing of desirable cannabinoids in ‘Berry Blossom’ hemp. Regardless
of the sampling location on the plant, the sample will be representative of the entire plant based
on the analyses in this thesis.
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Cannabinoids by location for Berry Blossom
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Figure 18. Final cannabinoid concentrations (CBD, CBDa, CBDV, Δ9-THC and THCV)
between plant locations (top, middle and bottom strata of the entire plant) of ‘Berry Blossom’
essential oil-type hemp grown in the greenhouse. A General Linear Model with mixed effects
was used by R and RStudio to compare the means among various locations using Year as a
random effect, with a Tukey post-hoc analysis at |p|<0.05. Mean comparisons across plant
locations through a one-way ANOVA with Tukey post-hoc analysis at P ≤ 0.05 were conducted
for the cannabinoids not present in both years. (n=5).
Figure 19. displays the final concentrations of CBD, CBDa, CBDV, Δ9-THC and THCV
between plant locations (top, middle and bottom strata of the entire plant) of ‘Fruity Petals’ hemp
in both years one and two of this study. CBDa in the top portion of ‘Fruity Petals’ was
significantly higher than the bottom portion of the plant. The concentrations of CBD, CBDV,
Δ9-THC and THCV were significantly the same in the top, middle and bottom portions of the
plant. Although CBDa was higher in the top portion of the plant, regulatory sampling is only
concerned with THC concentrations, specifically, Δ9-THC and THCa. Thus, based on the results
of this greenhouse study, stratified sampling need not be a component of regulatory sampling
protocols for THC compliancy and the maximizing of desirable cannabinoids in ‘Fruity Petals’.
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top

Regardless of the sampling location on the plant, the sample will be representative of the entire
plant based on the analyses in this thesis.

Cannabinoids by location for Fruity Petals
CBD by Location, Both Years
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Figure 19. Final cannabinoid concentrations (CBD, CBDa, CBDV, Δ9-THC and THCV)
between plant locations (top, middle and bottom strata of the entire plant) of ‘Fruity Petals’
essential oil-type hemp grown in the greenhouse. A General Linear Model with mixed effects
was used by R and RStudio to compare the means among various locations using Year as a
random effect, with a Tukey post-hoc analysis at |p|<0.05. (n=5).
Figure 20. displays the final concentrations of CBD, CBDa, CBDV, Δ9-THC and THCV
between plant locations (top, middle and bottom strata of the entire plant) of ‘Lifter Seedless’
hemp in both years one and two of this study. The concentrations of all cannabinoids were
significantly the same in the top, middle and bottom portions of ‘Lifter Seedless’. Based on the
results of this greenhouse study, stratified sampling need not be a component of regulatory
sampling protocols for THC compliancy and the maximizing of desirable cannabinoids in ‘Lifter
Seedless’ hemp. Regardless of the sampling location on the plant, the sample will be
representative of the entire plant based on the analyses in this thesis.
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Cannabinoids by location for Lifter Seedless
CBD by Location, Both Years
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Figure 20. Final cannabinoid concentrations (CBD, CBDa, CBDV, Δ9-THC and THCV)
between plant locations (top, middle and bottom strata of the entire plant) of ‘Lifter Seedless’
essential oil-type hemp grown in the greenhouse. A General Linear Model with mixed effects
was used by R and RStudio to compare the means among various locations using Year as a
random effect, with a Tukey post-hoc analysis at |p|<0.05. (n=5).
Figure 21. displays the final concentrations of CBD, CBDa, CBDV, Δ9-THC and THCV
between plant locations (top, middle and bottom strata of the entire plant) of ‘Santium’ hemp in
both years one and two of this study. Once more, the concentrations of all cannabinoids were
significantly the same in the top, middle and bottom portions of the plant. The concentration of
CBDa is appears to be highest in the middle stratum of the plant, similar to ‘Fruity Petals’
(Figure 19), however the concentration is significantly similar. Based on the results of this
greenhouse study, stratified sampling need not be a component of regulatory sampling protocols
for THC compliancy and the maximizing of desirable cannabinoids in ‘Santium’ hemp when
harvested at this growth stage. Regardless of the sampling location on the plant, the sample will
be representative of the entire plant based on the analyses in this thesis.
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Cannabinoids by location for Santium
CBD by Location, Both Years
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Figure 21. Final cannabinoid concentrations (CBD, CBDa, CBDV, Δ9-THC and THCV)
between plant locations (top, middle and bottom strata of the entire plant) of ‘Santium’ essential
oil-type hemp grown in the greenhouse. A General Linear Model with mixed effects was used by
R and RStudio to compare the means among various locations using Year as a random effect,
with a Tukey post-hoc analysis at |p|<0.05. (n=5).
With the exception of CBDa in the top portion of Fruity Petals, all cannabinoid
concentrations in Berry Blossom, Fruity Petals, Lifter Seedless and Santium cultivars were the
same in each stratum throughout both years of this greenhouse trial (Figures 18–21). These
results support the currently regulatory sampling guidelines as per the 2018 Farm Bill by
demonstrating that the top stratum of the plant is representative of the middle and bottom strata
of the plant. Future studies should sample throughout the flowering period to see if flower
maturity effects the concentration of cannabinoids within the different plant strata.
All computations in chapter three of this thesis were done using R (R Core Team, 2017)
and Rstudio (RStudio Team, 2020) as well as the following packages: Lme4 (Bates et al., 2015),
Agricolae (de Mendiburu, 2021), lmerTest (Kuznetsova, 2017), Emmeans (Lenth, 2020) and
tidyverse (Wickham et al., 2019).
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3.3.10. Considerations of Greenhouse Hemp Production and Cannabinoid Analysis
Until recently, there has been little documentation on individual cannabinoid levels and
how they develop throughout the flowering period. During the development of this thesis, total
CBD and THC levels were reported to reach their peak 28 and 30 days after anthesis,
respectively (Linder et al., 2021). The studies conducted in this chapter (Figures 13–19) had
similar results that support the findings in Linder et al., (2021). In this study, the cannabinoids 
9-THC and CBD and their molecular precursors THCa and CBDa display similar developmental
patterns throughout the flowering period (Figures 11 and 15). CBDa reached its peak before
exceeding 0.3%  9-THC in 14 of the 16 cultivars in this study, which can incentivize producers
to sample their product throughout the flowering period to ensure desirable cannabinoids are at
sufficient concentrations while THC levels (the summation of  9-THC and THCa) remain
compliant. Based on the results of this greenhouse study, stratified sampling need not be a
component of regulatory sampling protocols for THC compliancy and the maximizing of
desirable cannabinoids. One of the shortcomings of this project was the low number of
repetitions which inhibited statistical analysis. Future studies should evaluate stratified sampling
throughout different stages of the flowering period to be able to determine an optimum harvest
window for hemp.
3.3.11. Bud Quality Considerations
When essential oil-type hemp is sold in whole-flower form, as opposed to being used for
extraction and processing, an important factor to consider is the visual appearance of the bud.
Visually-appealing bud is important to consumers, and often times hemp flower is sold in clear
packaging (such as glass jars) for visibility. Refer to the appendix for bud pictures of each
cultivar grown in this greenhouse study.
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CHAPTER 5. CONCLUSIONS
Hemp (Cannabis sativa L.) is a novel crop in Louisiana, and at the time this study
commenced research on outdoor field production did not exist (LSU AgCenter Hemp
Committee, 2020). Until suitable genetics for Louisiana’s environment can be identified, an inrow spacing of three feet is recommended for field-grown hemp. Berry Blossom hemp grown
outdoors had the highest growth index (height x width 1 x width 2) of all nine cultivars
conducted in this study, and is the only cultivar that required a four-foot in-row spacing.
The cultivars Berry Blossom, Queen Dream and Stormy Daniels produced sufficient
biomass for commercial production, and would be recommended for producers who aim to sell
leftover plant material to a processer for an additional source of income once the buds are
harvested. Berry Blossom, Oregon White, Putin’s Problem and Queen Dream were the highestyielding cultivars, although not significant, and should be further evaluated in field trials when
environmental conditions are more favorable. At this time, an optimum planting date for fieldgrown hemp cannot be recommended. Louisiana faces many environmental challenges,
including high rates of disease, excess rainfall, high wind speeds and annual hurricanes and
tropical storms. Growers should be aware of these challenges and recognize the importance of
choosing an optimum site location and integrating best management practices into their
production plan.
Although the chlorophyll content in all 28 cultivars were similar, there were significant
differences in the final height and yields of hemp plants grown in the greenhouse. These findings
differ from commonly-found correlations between the chlorophyll content and yield of other
crops, such as corn. Daylength-neutral cultivars (Auto CBG, Dr. Chunk, Maverick, Pipeline and
Sour RNA Seedless) were among the shortest in height, which may be explained by the shorter
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period of vegetative growth these plants naturally receive compared to the remaining daylengthsensitive cultivars. The tallest average hemp plants were ‘White CBG’, ‘Lifter Seedless’ and
‘Truckoo’. Umpqua was the highest-yielding amongst all 28 cultivars grown in the greenhouse.
Future research should quantify the cannabinoid concentrations in this cultivar as Umpqua was
not analyzed in this study due to random selection. The total yields of ‘Sour Lifter’, ‘Lifter
Seedless’ and ‘White CBG Seedless’ ranked second, third and fourth, respectively. The lowestyielding cultivars were Auto CBG, Sour Citron, Sour RNA Seedless, Fruity Petals, Lady Lee,
Maverick and Rincon. Despite producing lower average yields, daylength-neutral cultivars (Auto
CBG, Maverick, Sour Citron and Sour RNA Seedless) required less vegetative growth which can
be beneficial for producers looking for a crop with a shorter production time. Pipeline was the
highest-yielding daylength-neutral cultivar in this study, which can be a useful recommendation
to producers. There is an overall positive correlation between the final height and yield of hemp
plants.
The concentration of CBD, CBDa, CBDV, Δ9-THC and THCV throughout different
plant strata (top, middle and bottom strata of the entire plant) were significantly similar in both
field and greenhouse-grown hemp plants. CBDa was the only cannabinoid that was highest in the
top portion of the plant when analyzed in ‘Fruity Petals’ hemp grown in the greenhouse. CBDa
and THCV were higher, although not significantly, in the top portion of several field-grown
hemp cultivars than the middle and bottom portions. Processors may be interested in knowing
which portion of the plant their buds are harvested from, as the increase and or decrease in
particular cannabinoid levels may be critical for particular medications and holistic products.
Greenhouse-grown essential oil-type hemp cultivars have uniform flowering response times and
harvest intervals. This research provides a good base of information regarding the complex
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interactions between cultivar type, cannabinoid concentration, plant maturity and optimum
harvest windows. Future studies should be conducted to evaluate further cannabinoid analysis
with fewer cultivars and greater repetitions, and if the results found herein agree with those
findings.
During the development of this thesis, total CBD and THC levels were reported to reach
their peak 28 and 30 days after anthesis, respectively (Linder et al., 2021). The findings of the
weekly cannabinoid analysis of greenhouse-grown hemp plants in this thesis had similar results
that support the findings in Linder et al., (2021). Cannabinoids  9-THC and CBD and their
molecular precursors THCa and CBDa display similar developmental patterns throughout the
flowering period. Both the CBDa and THC content increase with time, which can incentivize
producers to sample their product throughout the flowering period to ensure desirable
cannabinoids are at sufficient concentrations while THC levels remain compliant.
Future research should compare industrial hemp growth in the field, hoop house and
greenhouse to determine optimal production systems in Louisiana. Hemp is a new agricultural
commodity providing many opportunities for producers and industry personnel. The research and
discoveries provided in this thesis provide valuable information on the production practices,
cultivar selection and cannabinoid analysis of essential oil-type hemp.
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APPENDIX. Visual assessment of hemp bud.
Visual assessment of bud quality produced by 28 essential oil-type hemp cultivars grown in the
greenhouse.
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